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The Complex Interplay Between Alcohol Consumption and Diabetes 
Mellitus: Insights from Experimental Models and Clinical Studies

N. Kocharyan1, I. Sahakyan1*, L. Grigoryan1, S. Abrahamyan1, N. Tumasyan1

1Institute of Biochemistry after H. Buniatyan, NAS RA, Yerevan, Armenia 

Abstract
Background: This review examines how different patterns of alcohol consumption—moderate, acute, and chronic—affect the 
development and management of diabetes mellitus, based on experimental and clinical studies.
Methods and Results: A comprehensive literature search was conducted across PubMed, Scopus, Web of Science, Google 
Scholar, and gray literature sources.  Alcohol impacts diabetes pathophysiology, notably insulin resistance and β-cell function. 
Chronic heavy drinking worsens glucose tolerance and promotes diabetes progression. In contrast, moderate intake with meals may 
enhance insulin sensitivity and reduce cardiovascular risk. Acute alcohol use, especially without food, can cause hypoglycemia. 
Effects vary depending on the dose, timing, and individual health.
Conclusions: Alcohol has both beneficial and harmful effects on diabetes. Moderate consumption may help, but chronic use 
increases risks. Personalized medical advice is essential for safe alcohol use in diabetic patients.(International Journal of 
Biomedicine. 2025;15(4):627-633.)
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Introduction
Despite extensive research on diabetes mellitus (DM) 

and the application of modern treatment methods, the disease 
persists in its progression, particularly in industrialized nations. 
According to the World Health Organization (WHO) DM is 
classified into several types: Type 1 diabetes mellitus (T1DM); 
Type 2 diabetes mellitus (T2DM); Hybrid forms of diabetes 
(Slowly evolving immune-mediated diabetes of adults, so 
called Latent autoimmune diabetes in adults (LADA) and 
Ketosis-prone type 2 diabetes); Hyperglycemia first detected 
during pregnancy (DM in pregnancy and Gestational DM); 
Specific types of diabetes (Monogenic diabetes, Diseases 
of the exocrine pancreas, Endocrine disorders, Drug- or 
chemical-induced Infections); Unclassified diabetes.1 But the 

two major types are T1DM and T2DM. T1DM, also known 
as the insulin-dependent form, develops as a consequence of 
the autoimmune-mediated gradual destruction of pancreatic 
β-cells responsible for insulin production.2 Approximately, 
5-10% of all DM cases are attributed to T1DM. T2DM is a non-
insulin-dependent acquired metabolic disorder characterized 
by diminished insulin sensitivity in tissue cells.3 In adults, 
T2DM accounts for 90-95% of all DM cases. Its prevalence 
is on the rise, particularly among people over 40.1 According 
to the WHO, the number of adults with diabetes worldwide in 
2014 has doubled in recent decades, reaching 422 million, with 
projections estimating a rise to 629 million by 2045. The surge 
is predominantly observed in children and adolescents with 
T2DM. T1DM is defined by an absolute deficiency in insulin 
production, while T2DM involves both diminished insulin 
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secretion and increased insulin resistance.4 In contrast to 
T1DM, where insulin replacement therapy is highly effective, 
managing T2DM necessitates addressing insulin resistance 
alongside impaired insulin secretion. Gestational diabetes is 
associated with high blood glucose during pregnancy.5

The manifestations of diabetes encompass a spectrum 
of disorders, including hyperglycemia, altered metabolism of 
lipids, carbohydrates, and proteins, as well as complications 
related to vascular injuries,6 strokes, heart and kidney diseases, 
impaired immune function, changes in intestinal processes, 
neuropathy,7 retinopathy, and gangrene of the extremities.8 

These complications contribute to premature disability and 
mortality.

It is recognized that during DM, the body’s antioxidant 
defenses are weakened.9 This, in combination with hyperglycemia 
and lipid metabolism disorders, contributes to a decrease in the 
permeability of phospholipid membranes in peripheral tissue 
cells, as well as in the islets of Langerhans of the pancreas. This 
disorder ultimately leads to damage to the β-cells of the islets.10

Although alcohol consumption is approached 
cautiously by both clinicians and diabetes patients due to 
risks like hypoglycemia, metabolic imbalance, and long-
term complications, recent biomedical research highlights 
potential benefits of moderate ethanol intake. Alcohol-related 
disorders often precede diabetes and remain a public health 
concern, prompting growing interest in managing diabetes 
among individuals with alcohol dependence. Epidemiological 
data suggest a possible inverse link between moderate alcohol 
use and atherosclerotic risk, raising questions about its role in 
diabetes care. Alcohol consumption over time is linked to a 
lower risk of T2DM in initially light or rare drinkers, evident 
within four years.11	  

This review summarizes recent scientific findings on 
the complex relationship between alcohol consumption and 
diabetes mellitus, recognizing their shared impact on multiple 
physiological systems. A comprehensive literature search was 
conducted across PubMed, Scopus, Web of Science, Google 
Scholar, and gray literature sources.

Experimental Models of Diabetes
Analyzing and summarizing recent scientific research 

on the link between alcohol consumption and DM requires 
data integrating from both experimental models and clinical 
studies. Ethical constraints significantly limit diabetes 
research in humans, as deliberately inducing the disease is 
strictly prohibited. Research in experimental diabetology 
plays a crucial role in elucidating pathogenesis, clinical 
presentation, prevention, and treatment of diabetes. 
Experimental models of DM provide valuable insights 
into the pathophysiology of the disease and explain the 
antidiabetic mechanisms of various drugs through targeted 
use. Consequently, experimental animal models play a 
vital role in biomedical studies, offering valuable insights 
into the mechanisms and potential treatments for human 
diabetes. Numerous experimental models of DM have been 
developed,12,13 with significant ones being:

 • Surgical model: The complete or partial removal of the 
pancreas. 

• Chemical model: Injections of chemicals that selectively 
target the β-cells of the islets of Langerhans, such as alloxan 
and streptozotocin (STZ).

• Endocrine model: Metapituitary diabetes from prolonged 
use of somatotropic hormone or adrenocorticotropic hormone, 
or metasteroid diabetes from glucocorticoid use.

• Immune model: Administering anti-insulin antibodies to 
animals.

• Genetic model: Employing pure animal lines with 
hereditary diabetes mellitus.

The development of diabetes in animals depends on the 
experimental model and the type of chemical used. Chemical-
induced diabetes models, particularly using alloxan or STZ, 
have shown effective results. Alloxan is used to model 
T1DM, leading to β-cell destruction and insulin deficiency,14 

possibly via the generation of cytotoxic hydroxyl radicals 
(·OH). Developing an animal model that accurately represents 
human T2DM poses significant challenges. Nevertheless, 
such models are crucial for advancing comprehensive diabetes 
research. Otsuka Long-Evans Tokushima Fatty (OLETF) rats 
are a common model for studying T2DM, as they exhibit 
obesity, hyperglycemia, and insulin resistance. In contrast, 
Long-Evans Tokushima Otsuka (LETO) rats serve as their 
non-diabetic counterparts, genetically resistant to diabetes. 
STZ induces both T1DM and T2DM, depending on the dose 
and administration scheme.15 Despite their utility, none of 
these models fully replicates the time-consuming processes of 
DM in humans.

Impact of Ethanol on Carbohydrate Metabolism
The impact of ethanol on carbohydrate metabolism is 

complicated and not yet fully elucidated. Specific effects are 
directly linked to ethanol or its metabolites, acetaldehyde and 
acetate, while others arise from ethanol-mediated elevation of 
the NADH/NAD+ ratio in hepatic cells. This alteration in redox 
balance is driven by the enzymatic conversion of ethanol to 
acetaldehyde, which is subsequently converted to acetate via 
dehydrogenase activity. Consequently, this shift in the redox 
state suppresses the citric acid cycle and fatty acid oxidation, 
thereby favoring the conversion of pyruvate to lactate.16 
Normally, the liver releases glucose from its glycogen reserves 
in response to an anticipated glucose deficit. However, alcohol 
can interfere with this glycogenolysis process. Chronic ethanol 
consumption significantly impairs glucose release from 
the liver, leading to a marked reduction in glycogen levels, 
potentially due to decreased synthesis or increased breakdown, 
ultimately contributing to hypoglycemia.17 Findings indicate 
that prolonged alcohol consumption causes a substantial 
decrease in hepatic gluconeogenesis when ethanol is present 
in hepatocytes, with women exhibiting a greater effect than 
men.18 Studies reveal that ethanol acutely impacts pancreatic 
microcirculation, causing redistribution in blood flow from 
the exocrine to the endocrine regions of the pancreas by 
mechanisms involving nitric oxide and vagal nerve activity.19 

As a result, late-phase insulin secretion is enhanced, leading 
to the development of hypoglycemia. Ethanol selectively 
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increases blood flow to the pancreatic islets by nearly fourfold 
without significantly altering overall pancreatic blood flow. 
These effects may help explain the hypoglycemic action of 
alcohol commonly observed in individuals with diabetes 
or in those with liver dysfunction associated with chronic 
alcohol consumption. Reactive hypoglycemia occurred more 
frequently following the simultaneous consumption of ethanol 
and glucose than of glucose alone.20

In a study by our group, a single intraperitoneal injection 
of ethanol in alloxan-induced diabetic animals resulted 
in hypoglycemia, significantly reducing peripheral blood 
glucose levels by 26%.21 In summary, alcohol’s impact on 
carbohydrate metabolism is multifaceted, involving various 
pathways and factors that contribute to complex outcomes.

Some Pathophysiological Mechanisms of the 
Influence of Ethanol on Diabetes Pathogenesis

The metabolic breakdown of ethanol generates free 
radicals, primarily targeting mitochondrial membranes. 
This process hinders oxidative phosphorylation, disrupts the 
coupling between oxidation and phosphorylation, and depletes 
energy within the mitochondrial matrix.22  

The primary metabolite of ethanol, acetaldehyde, has a 
strong tendency to covalently bind to amino and sulfhydryl 
groups of proteins, forming Schiff bases and disrupting protein 
function. Since the inner mitochondrial membrane consists of 
a substantial proportion of proteins, it is considered the main 
target of reactive oxygen species (ROS) inside mitochondria.23 

Elevated alcohol intake has been linked to increased ROS 
production due to disturbances in the mitochondrial oxidative 
chain by two main enzymes, cytochrome P450 2E1 (CYP2E1) 
and catalase, two key enzymes that metabolize alcohol to 
acetaldehyde. This could contribute to pancreatic β-cell 
dysfunction in individuals with diabetes.

Long-term alcohol consumption has been increasingly 
linked to T2DM, disrupting glucose metabolism and promoting 
pancreatic β-cell dysfunction and apoptosis. Even low-to-
moderate alcohol intake can structurally alter glucokinase 
through tyrosine nitration, thereby reducing its enzymatic 
activity. Prolonged ethanol exposure has been shown to 
downregulate and inactivate glucokinase via nitration of Tyr 
residues, contributing to β-cell dysfunction and apoptosis.24 

A study demonstrated that treatment of the rat β-cell line 
RINm5F with ethanol causes β-cell death by apoptosis.25 
Such findings underscore the harmful consequences of 
excessive alcohol consumption, including disruptions in lipid 
metabolism associated with diabetes, driven by oxidative 
stress and metabolic dysregulation linked to impaired insulin 
sensitivity.

It is known that diabetes produces various dysfunctions 
of the central nervous system (CNS), including increased 
stroke risk, altered brain transport, blood flow disturbances, and 
metabolic disruptions that may lead to chronic encephalopathy. 
Acute glycemic fluctuations can trigger coma, seizures, 
focal neurological deficits, and impaired consciousness.26 
Elevated blood glucose levels in DM negatively impact 
brain function and cognitive abilities, leading to various 
neurological and neuropsychiatric disorders, including chronic 

neurodegeneration and cognitive decline.27 Alcohol indirectly 
affects DNA and histone methylation by altering one-carbon 
metabolism from which methyl groups are derived.28 A possible 
pathway by which chronic alcohol consumption could impact 
various processes associated with the interactions between the 
nervous and the endocrine systems in T2DM is by influencing 
appetite-regulating peptides, specifically ghrelin and leptin. 

Ghrelin, a gastric-derived peptide, has a dual function 
in pancreatic β-cells. Beyond its role as a negative regulator 
of insulin secretion, the findings imply that ghrelin enhances 
β-cell regeneration in newborn rats treated with STZ. 
Therefore, early ghrelin administration could potentially aid 
in preventing diabetes in individuals at risk following β-cell 
depletion.29 Ghrelin regulates glucose metabolism and insulin 
secretion in a variety of species. Consistent with its ability 
to suppress insulin secretion in vivo, ghrelin-deficient mice 
generally exhibit lower blood glucose levels than wild-type 
controls.  Ghrelin receptor antagonism has been explored as a 
potential therapeutic strategy to reduce obesity-related weight 
gain and improve glucose metabolism in T2DM.30 Research 
has demonstrated that ethanol elevates serum ghrelin levels 
while lowering insulin levels in male Wistar rats, leading to 
increased mobilization of free fatty acids from adipose tissue 
to the liver and contributing to hepatic steatosis.31

Leptin, the circulating hormone encoded by the obese 
gene, is produced in adipose tissue (AT) and is a crucial 
regulator of overall glucose metabolism. Leptin inhibits 
appetite, increases energy expenditure, and helps stabilize 
blood glucose, primarily by decreasing hepatic glucose 
production and increasing glucose utilization in peripheral 
tissues. It has been demonstrated that excessive leptin levels can 
contribute to the development of metabolic imbalances, such 
as dysfunction of pancreatic β-cells, insulin resistance, obesity, 
and impaired glucose metabolism, all of which contribute to 
the development of T2DM.32 Insulin therapy over extended 
periods has been associated with weight gain and rising leptin 
concentrations, indicating a regulatory interplay between 
insulin and leptin secretion. Together, ghrelin and leptin seem 
to engage in a broad functional interplay, potentially playing 
an important role in the overall consequences of diabetes with 
long-term alcohol ingestion.

Recent studies highlight that AT is a key target of 
ethanol.33 Adipose tissue plays a significant role in ethanol’s 
effects, as adipocytes release adipokines- biologically 
active molecules. Ethanol disrupts the secretion of these 
cell-signaling proteins, thereby altering liver function. 
Studies show that chronic alcohol consumption in animals 
and humans increases inflammatory mediators in AT, such 
as cytokines and chemokines.34 This alcohol-induced AT 
dysfunction contributes to liver inflammation by releasing 
pro-inflammatory molecules like tumor necrosis factor-
alpha, which raises circulating inflammatory cytokine levels 
and induces hepatocyte apoptosis.35 This subsequently leads 
to alcohol-associated liver disease, which includes conditions 
such as steatosis, steatohepatitis, fibrosis, and cirrhosis.36

The brain is susceptible to toxicity induced by 
alcohol. Chronic alcohol consumption significantly impacts 
neurological function and memory, contributing to cognitive 
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impairments in affected populations.37 It is known that 
the development of depression is observed during DM.38 

Moreover, ethanol’s impact on various physiological and 
mental functions is well-documented. Long-term alcohol 
consumption can progressively impair psychological well-
being, potentially resulting in varying levels of cognitive 
dysfunction, with severe cases leading to dementia.39 DM 
is often considered an accelerator of cognitive decline. Like 
alcohol exposure, diabetes may also be associated with 
cognitive impairment.40

Researchers have explored the influence of ethanol on 
the onset of T2DM, focusing on the impact of altered Brain-
Derived Neurotrophic Factor (BDNF) levels.41 Studies on 
TrkB.T1-deficient mouse model and mouse cell lines reveal 
that the BDNF receptor TrkB.T1 is present in pancreatic 
β-cells and in skeletal muscles, and it is crucial for insulin 
secretion, suggesting a metabolic role separate from CNS 
influence. These findings highlight BDNF’s potential as a 
key regulator of insulin secretion and a promising target for 
diabetes treatment.

Studies have revealed that prolonged heavy 
administration of ethanol induces a reduction in blood BDNF 
levels in T2DM animals. Specifically, rats treated with ethanol 
exhibited considerably lower plasma BDNF levels than 
controls, indicating a possible combined effect of chronic 
excessive alcohol use and T2DM on reducing BDNF.42 

Moreover, these animals had lower fasting glucose levels but 
elevated postprandial glucose, highlighting the role of BDNF 
not only in alcohol metabolism but also in glucose homeostasis 
and insulin resistance. 

Chronic ethanol exposure impairs glucose regulation 
through mitochondrial dysfunction, oxidative stress, and 
disrupted insulin secretion. These effects highlight the harmful 
impact of excessive alcohol on pancreatic β-cell function and 
underscore the need for strategies to address alcohol-related 
metabolic risks in diabetes. 

Ethanol Consumption and Health Outcomes 
According to the WHO, 2.6 million deaths worldwide 

were related to alcohol consumption in 2019, of which 2 million 
were among men and 0.6 million among women. Ethanol’s 
impact on health is multifaceted, with effects varying based 
on the amount consumed and drinking patterns. While most 
studies quantify alcohol intake in grams, some investigations 
employ standard drink units, which contain approximately 
12 grams of ethanol.  Recent publication with a large sample 
size (n⁓300,000) reported that spirit drinking was associated 
with 25% higher risk of mortality and 48% higher risk of liver 
cirrhosis compared with red wine drinkers.43 The 2020-2025 
U.S. Dietary Guidelines states that for adults heavy or binge 
alcohol consumption is >60 or 100 g of ethanol per day, or, 
five or more drinks on any day for men and four or more on 
any day for women, and moderate alcohol intake is <60 g/day 
for men, <50 g/day for women, or two drinks or less in a day 
for men and one drink or less in a day for women.44 Increased 
alcohol intake has been shown to be positively correlated with 
an increased incidence of T2DM.45 Similar results were found 
in a study among Japanese men.46

On the other hand, moderate alcohol intake has been 
associated with a lower risk of diabetes, with the strongest 
inverse correlation observed at 22–24 g/day.47 A meta-analysis 
of 15 studies found that moderate drinkers had a reduced risk of 
developing T2DM compared to abstainers or heavy drinkers, 
regardless of the beverage type.48 However, a study on healthy 
women indicated a stronger protective effect from wine and 
beer compared to liquor.49 A government-funded study from 
the Korean Genome and Epidemiology Study (2001–2012) 
analyzed data from 1,772 middle-aged Korean men and 
found a J-shaped relationship between alcohol consumption 
and T2DM risk.50 Among white British populations, light to 
moderate alcohol intake appeared to offer protection against 
diabetes, whereas excessive drinking heightened the risk.51 

Additionally, alcohol consumption had minimal influence on 
insulin sensitivity, except in cases of heavy intake, suggesting 
that ethanol primarily affects diabetes risk through its impact 
on β-cell function rather than insulin sensitivity.

A separate meta-analysis suggests that moderate alcohol 
consumption may improve glucose metabolism and contribute 
to T2DM prevention in men, particularly when compared to 
lower intake levels.52 Another recent meta-analysis found 
no significant impact of alcohol consumption on insulin 
sensitivity overall, although a potential improvement was 
observed among women, with no similar effect detected in 
men.53 While moderate alcohol intake has been linked to a 
reduced risk of T2DM, some studies indicate that in some 
Asian groups, even minimal consumption may still contribute 
to disease development.54

Research shows that polyphenols in wine have antioxidant 
properties, while ethanol promotes oxidative stress. In one 
clinical trial, participants consumed 30 g of alcohol daily for 
4 weeks, either as red wine (rich in polyphenols) or gin (poor 
in polyphenols); red wine showed more potent antioxidant 
effects due to its polyphenol content.55 Another study found 
that daily intake of 400 mL of red wine increased plasma total 
antioxidant status compared to abstention.56 However, the 
effects of different alcoholic beverages on antioxidant status 
remain incompletely understood.

Studies indicate that the non-alcoholic components 
of red wine, particularly polyphenols, may improve 
insulin resistance, suggesting that red wine offers greater 
cardiovascular protection than other alcoholic beverages. 
Key findings show that red wine, whether alcoholic (RW) or 
dealcoholized (DRW), enhances glucose metabolism, whereas 
gin, which lacks polyphenols, does not. Additionally, RW, but 
not DRW or gin, was found to lower lipoprotein(a) levels in 
men at high cardiovascular risk.57 However, caution should 
be taken when making recommendations related to alcohol 
consumption.

Moderate alcohol consumption was shown to be 
associated with a decreased incidence of DM, primarily due 
to its positive impact on atherosclerotic conditions, notably 
coronary heart disease in persons with diabetes.58 In 6745 
Framingham Heart Study (FHS) participants (mean age 
49 years; 53% women), this effect is believed to involve 
alterations in lipid metabolism, blood clotting, blood pressure, 
and insulin sensitivity.59
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Epidemiological studies have linked moderate 
alcohol intake to reduced cardiovascular risk and elevated 
HDL-C levels, although it does not significantly influence 
total cholesterol, LDL-C, triglycerides, or lipoprotein(a) 
concentrations.58,60 

Research consistently shows a dose-dependent 
relationship between alcohol consumption and hypertension 
risk.61 While heavy drinking elevates hypertension risk, 
moderate consumption appears to have a protective effect, 
similar to the pattern observed for cardiovascular disease. 

Age-related differences in alcohol’s effects on LDL-C 
levels have also been noted. A recent cross-sectional study 
found a negative correlation between alcohol intake and 
LDL-C concentration in young women, whereas older men 
exhibited a positive association.62 These findings suggest 
that moderate alcohol consumption provides the most 
significant cardiovascular benefits for postmenopausal 
women and adult men. In another investigation, it was shown 
that moderate red wine consumption has beneficial effects 
on hemorheological parameters, which may contribute to 
the “French Paradox.”63

Heavy or binge drinking increases the risk of death 
and poses serious social and economic challenges. In 
contrast, moderate alcohol intake-particularly wine and beer-
may offer cardioprotective benefits. However, interpreting 
epidemiological data requires caution due to confounding 
factors like ethnicity, age, gender, and drinking patterns. 
Therefore, recommendations on alcohol use must consider 
beverage type and population specifics. 

Conclusions
The relationship between alcohol consumption 

and diabetes mellitus is multifaceted, with both harmful 
and potentially beneficial effects. This review highlights 
the significant impact of chronic alcohol use on glucose 
tolerance and insulin resistance, which may contribute to 
diabetes development. However, moderate alcohol intake, 
when consumed responsibly and with food, may help reduce 
cardiovascular risks and support glycemic stability.

Appetite-regulating peptides such as ghrelin, leptin, 
and BDNF may mediate the link between alcohol and T2DM, 
though further research is needed to clarify these mechanisms. 
The complexity of alcohol’s metabolic effects underscores 
the importance of personalized medical guidance. There is no 
universal rule for safe alcohol use in diabetes; clinicians must 
consider individual health status, treatment plans, and lifestyle 
factors.

Ultimately, a deeper understanding of these interactions 
may inform more effective therapeutic strategies for managing 
both alcohol use disorder and diabetes, emphasizing the 
need for open, patient-centered communication in clinical 
practice.
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Abstract
The investigation of periodontitis pathogenesis is critically important due to its global prevalence. It has been established that 
periodontitis is associated with chronic periodontal inflammation, alveolar bone loss, the development of oxidative stress, and oral 
microbiota dysbiosis. Oxidative stress biomarkers (e.g., malondialdehyde, 8-OHdG) and genetic factors (CXCR4, SELL, ITGAL) 
exacerbate tissue damage and osteoclastogenesis.  The oral microbiota plays a significant role in the development and progression 
of periodontitis through complex interactions with host immune responses, mediated by pathogenic bacteria like Porphyromonas 
gingivalis and their metabolic byproducts. Emerging therapies targeting OS (e.g., resveratrol, curcumin) and microbial balance 
highlight the need for integrated treatment strategies.  In this context, it is particularly relevant to investigate the interplay between 
oxidative stress and microbial dysbiosis to develop targeted therapeutic strategies for the prevention and treatment of periodontitis 
and its systemic complications. (International Journal of Biomedicine. 2025;15(4):634-638.)

Keywords: periodontitis • pathogenesis • oxidative stress • inflammation • oral microbiome • systemic links

For citation: Darenskaya MA, Goncharov IS, Yuzvak NA, Kolesnikov SI,  Bolshedvorskaya NE, Kolesnikova LI. Oxidative Stress 
and Oral Microbiota in Periodontitis (Brief-Review). International Journal of Biomedicine. 2025;15(4):634-638. doi:10.21103/
Article15(4)_RA2

Abbreviations
8-OhdG, 8-hydroxy-2-deoxyguanosine; AH, arterial hypertension; AOD, antioxidant defense; CAT, catalase; GPx, 
glutathione peroxidase; GR, glutathione reductase; GSH, reduced glutathione; LPO, lipid peroxidation; NO, nitric oxide; OS, 
oxidative stress; ROS, reactive oxygen species; SOD, superoxide dismutase; TBARs, thiobarbituric acid reactants; WHO, World 
Health Organization. 
 
Relevance of Studying Periodontitis

Periodontitis is one of the most common diseases, 
affecting between 50% and 90% of individuals in developing 
countries and between 4% and 76% in developed countries 
1 According to the World Health Organization (WHO). 
intact periodontitis occurs only in 2-10% of cases, while 
inflammatory periodontal diseases are detected in 90-95% of 
the adult population.2

Periodontitis is characterized by prolonged periodontal 
inflammation, including the gum, periodontal ligament, and 
alveolar bone, with loss of the latter.3 The main cause, as a 
rule, is pathogenic microorganisms contained in plaque.4 The 
decisive predisposing factors are the fact of smoking, poor oral 
hygiene, genetic component, gastrointestinal disorders, etc.5  At 
a young age, traumatic effects, bleeding gums, partial dentition, 
low bone mineral density, and obesity are added.6 It was also 

noted that disorders in the immune system, local changes in 
acid-base balance, hypoxia, and other adverse factors contribute 
to the proliferation of pathogenic microorganisms, an increase 
in the activity of opportunistic infection, and the progression 
of inflammatory and destructive periodontal diseases.7 In recent 
years, it has been proven that periodontitis, as an inflammatory 
process, can be epidemiologically related to other chronic 
diseases, which include cardiovascular, neurodegenerative, 
autoimmune, oncological, and others.8-10 Understanding the 
pathology and etiology of periodontitis is crucial to developing 
effective approaches to periodontitis treatment.

Oxidative Stress in Periodontitis Genesis 
Currently, more than 200 diseases associated with the 

involvement of free radicals are known. They are characterized 
by changes in the internal environment and vascular disorders, 
which indicate a single mechanism of development – an 
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imbalance in the “lipid peroxidation (LPO) – antioxidant 
defense (AOD) “LPO – AOD system. The term oxidative stress 
(OS) is widely used to describe this imbalance.11 LPO-AOD 
plays an important role in adaptive reactions, reducing the 
activity of inflammatory processes, pathology, and maintaining 
homeostasis.12 The predominant role of this type of reaction in 
modifying cell membrane structure, xenobiotic metabolism, 
regulating the immune response, cell proliferation, vascular 
permeability, and receptor sensitivity is well established.13 The 
activation of LPO reactions in the membranes of the endoplasmic 
reticulum, mitochondria, and lysosomes undoubtedly plays 
a crucial role in the functioning of normal cellular systems, 
presumably determining overall reactivity and resistance to 
pathogenic factors.14

Modern studies confirm that the insufficiency of AOD 
factors contributes to the uncontrolled intensification of 
LPO processes, which play a crucial role in the development 
of various pathologies, including those associated with 
periodontal disorders.15 Moreover, the development of OS 
occurs not only due to a decrease in the buffer capacity of the 
AOD system, but also due to a violation of its mobilization 
in response to an increase in the activity of prooxidant 
factors. Protection of cells from LPO at different stages is 
implemented by various systems of both enzymatic and non-
enzymatic nature.16 At the same time, LPO reactions in the 
membranes of various cellular compartments play a crucial 
role in determining the overall reactivity of the body and its 
resistance to pathogenic influences.17

It was proven that OS plays a key role in the pathogenesis 
of periodontitis. Studies revealed changes in the expression of 
genes associated with oxidative stress (OS genes) in patients 
with periodontitis.18,19 In total, 74 genes were isolated in 
periodontitis, the expression of which changes during OS, 
including 65 genes with increased expression and 9 genes with 
reduced expression. Six key genes (CXCR4, SELL, FCGR3B, 
FCGR2B, PECAM1, and ITGAL) are involved in leukocyte 
intercellular adhesion, phagocytosis, and cellular extravasation, 
which highlights their role in the pathogenesis of the disease.20 
CXCR4 is one of the most expressed OS genes in periodontal 
tissues. It plays a key role in podocyte damage, proteinuria, and 
glomerular sclerosis under oxidative stress. The neutralization 
of CXCR4 suppresses the resorption of the alveolar bone in 
periodontal inflammation. CXCR4 also suppresses the release 
of nitric oxide from macrophages and is involved in modulating 
mechanical sensitivity in periodontitis. The interaction of 
PECAM1 and CXCR4 genes enhances the transendothelial 
migration of leukocytes, promoting tissue infiltration by 
neutrophils and monocytes. The SELL and ITGAL genes 
ensure the adhesion of immune cells to the endothelium, which 
exacerbates periodontal damage.20 Another study also identified 
the OS genes ITGAM, FCGR3A, and PECAM1, which perform 
a crucial function in the development of periodontitis.21 Under 
the influence of pathogenic microflora, increased involvement 
and activation of neutrophils in periodontal tissues is noted, 
which, in turn, synthesize reactive  oxygen  species  (ROS).22 

There is an aberrant activation of neutrophils, the increased 
release of pro-inflammatory mediators, which ultimately leads 
to tissue damage and disease progression.23 It is interesting 

to discover the special structure of neutrophils – neutrophil 
extracellular traps (netosis), which they use for their function. 
Numerous studies indicate violations of local and/or systemic 
OS indicators.24 Thus, clinical studies demonstrate an increase 
in the levels of LPO products, such as diene conjugates and 
malondialdehyde, in saliva and gingival fluid in patients with 
periodontitis.25,26 These changes correlate with the severity of 
the disease and can serve as markers of its progression.25,27 In 
periodontitis, there was also an increase in other markers of 
OS – 8-OHdG, carbonylated proteins, nitric oxide (NO), and 
8-isoprostanes.28,29 Several studies have investigated the level 
of nitrosative stress in the saliva of patients with periodontitis.30 
Basically, an increased level of these biomarkers was found, 
correlating with the risk of developing comorbidity of 
periodontal pathology and cardiovascular diseases.24 Patients 
with periodontitis also exhibited an increase in less common 
markers, such as those indicating nuclear abnormalities and 
shortening of leukocyte telomeres.31,32 Periodontitis-induced OS 
can trigger pro-inflammatory mechanisms and, significantly, 
osteoclastogenesis, which then leads to bone loss observed 
in patients with periodontitis.20 Studies of the AOD system in 
periodontitis primarily focus on the activity of GR, SOD, CAT, 
GPx, myeloperoxidase, vitamin C, uric acid, GSH, melatonin, 
and the integral indicator of overall antioxidant status.23 Negative 
changes in periodontitis often occur in the saliva.   In patients 
with periodontitis, there were disturbances in glutathione 
homeostasis in peripheral blood neutrophils, which significantly 
impaired the chemotactic ability of these cells to combat 
infectious agents.33 In patients with stage IV periodontitis, 
vitamin C levels were significantly lower than those in patients 
with early-stage periodontitis.34 It was also noted that vitamin 
D deficiency led to a decrease in bone density, osteoporosis, 
and, as a result, the progression of periodontal diseases.35 It is 
believed that the traditional treatment of periodontitis, which 
aims to combat bacterial pathogens, is insufficient. The use of 
additional antioxidants, such as resveratrol, quercetin, biochanin 
A, pyonol, and curcumin, which react stoichiometrically 
with ROS, has become a promising method for treating 
periodontitis.36

Oral Microbiota and Periodontitis
The human oral cavity is home to a diverse array of 

microorganisms that form a complex ecosystem, which, in 
terms of the number of species and complexity of organization, 
is second only to the microbiota of the gastrointestinal tract.37 
The complexity of the microbiota is due to the diverse 
environmental conditions in various parts of the oral cavity, 
which form microenvironments for colonization and growth 
of specific microorganisms forming highly organized surface-
associated communities (biofilms) immersed in an extracellular 
polymer matrix, which consists of a complex of extracellular 
polymeric substances (water, polysaccharides, proteins, 
lipids, and DNA).38 The oral microbiota plays a key role in 
the development and progression of periodontitis.39 Plaque 
bacteria are the main culprits of periodontal diseases.40 Plaque 
is present in both the supra-gingival and sub-gingival regions, 
forming microbial biofilms that multiply on the tooth surface. 
The slit-like epithelium and gingival fissure serve as the main 
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habitats of microbes, supported by gingival slotted fluid and a 
favorable anaerobic environment.41 It has been identified that 
the subgingival plaque, comprising more than 500 species, 
changes composition as the disease progresses.42 In healthy 
conditions, gram-positive cocci and rods predominate as 
early colonizers, while Fusobacterium nucleatum promotes 
bacterial coagulation.43 Pathogenic microorganisms, 
such as Porphyromonas gingivalis and Aggregatibacter 
actinomycetemcomitans, are capable of triggering a systemic 
inflammatory response and exacerbating the course of the 
disease.44 It was found that OS can suppress the tolerance of 
macrophages to endotoxins induced by lipopolysaccharides 
produced by Porphyromonas gingivalis bacteria, thereby 
contributing to the progression of periodontitis through 
the suppression of tolerance to endotoxins.45 It is known 
that Aggregatibacter actinomycetemcomitans can migrate 
from stress factors to a more protected subgingival region 
due to the activation of hexosaminidase, which attacks 
matrix polysaccharides containing hexosamine.46 When 
faced with an innate subgingival reaction, Aggregatibacter 
actinomycetemcomitans can activate complement resistance 
genes and leukotoxin production to modulate the host’s local 
immune response and ensure the proliferation of a consortium 
of pathobionts. Working together, the consortium can suppress 
the natural resistance of the host organism and produce 
inflammatory cytokines, which can lead to loss of connective 
tissue and bone tissue, as well as impaired attachment.47 

Microbial imbalance (dysbiosis) contributes to the 
activation of OS and chronic inflammation. The formation 
of ROS, which has primarily antimicrobial effects, can be 
considered a double-edged sword, as ROS can help destroy 
invading pathogens during treatment; however, when 
overactivated, they can become cytotoxic to host cells. ROS 
play an essential role in cell signaling, gene regulation, and 
antimicrobial defense. Still, an overabundance of reactive 
oxygen species leads to increased oxidative stress, along with 
unchanged or reduced antioxidant capacity, which in turn 
leads to OS in the affected tissues. This subsequently results in 
pathological changes and, consequently, cell destruction of the 
host tissues.48

Periodontitis and Systemic Diseases
Periodontitis is often associated with systemic 

pathologies such as oral cancer, Alzheimer’s disease, 
Parkinson’s disease, hypertension, diabetes mellitus, and 
chronic kidney disease.49 The connection arises from chronic 
low-grade inflammation, bacterial dissemination, and shared 
pathogenic mechanisms between periodontal and systemic 
diseases.   Every year, the dentists’ interest in disorders of 
systemic and local hemodynamics is expanding, and the 
links between periodontal pathology and cardiovascular 
diseases were established. The presence of systemic diseases, 
taking medications, and hormonal changes can certainly 
have a significant effect on periodontal tissue. Thus, it was 
established that comorbid associations of periodontitis, 
particularly with arterial hypertension (AH) in adolescence, 
are accompanied by disorders of systemic hemodynamics 
and contribute to a more active course of inflammatory 

processes in periodontal tissues.50 Circulatory disorders in 
periodontal diseases correlate with the severity and degree 
of hypertension, as manifested by changes in vascular tone 
and permeability, endothelial dysfunction in the arterial 
network, and impaired autonomic regulation of vascular tone 
in tissues.50 The risk factors for periodontal disease on the 
background of hypertension include common factors: socio-
economic, smoking, stress, and age; hence, hypertension and 
periodontitis have a common mechanism of development.51 
In particular, the dynamic balance in the LPO-AOD underlies 
the functioning of systems that regulate the contraction of 
vascular smooth muscle cells and, consequently, systemic 
blood pressure.52 It was established that the disorganization of 
the homeostatic mechanisms of the microvascular periodontal 
bed in arterial hypertension causes chronic hypoxia of the 
periodontal complex tissues, in which the processes of 
LPO of biomolecules are activated, leading to a violation 
of the structure and function of periodontal biomembranes 
correlations between the parameters of blood flow of the 
microcirculatory bed of the periodontium and the content 
of the final products of LPO thiobarbituric acid reactants 
(TBARs). The reinforcing effect of damaging factors may be 
due to the accumulation of prooxidants in periodontal tissues, 
their subsequent decomposition, leading to the formation of 
free radicals that have a destructive effect on the vascular wall, 
resulting in fibrosis, thickening of capillaries, and partial or 
complete obliteration.53

Oxidative stress plays a key mediating role, as stress-
related  overproduction of ROS overwhelms antioxidant 
defenses, accelerating periodontal tissue breakdown and 
worsening systemic disease progression.   Stress factors 
play a significant role in the development of periodontitis. 
It is known that adaptation to stress is associated with the 
activation of stress-limiting systems, including prostaglandin 
and antioxidant systems, as well as an increase in the number 
of adenosinergic receptors. This suggests that the protective 
effects under stress are based on the coordinated activation 
of central and local stress-limiting systems. At the same 
time, adaptation to stress factors is impossible in cases where 
the regulatory stress systems responsible for implementing 
stress reactions have congenital or acquired defects. It can be 
assumed that an innate predisposition to hypertension reduces 
the body’s functional reserves, which may serve as a risk 
factor for further disease progression.54

In conclusion, periodontitis is a multifactorial disease, 
the pathogenesis of which is influenced by oxidative stress, 
dysbiosis of the oral microbiota, and systemic inflammation. 
The relationship of periodontitis with cardiovascular and other 
chronic diseases was established, which underlines the need 
for an integrated approach to its prevention and treatment. 
Further studies of the pathogenetic mechanisms of periodontitis 
will help develop personalized therapies aimed at correcting 
oxidative stress and restoring microbial balance.
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Abstract
Oral squamous cell carcinoma (OSCC) is a common type of head and neck malignancy, leading to high morbidity and mortality 
rates. This brief review focuses on the regional lymphatic status in patients with OSCC. The lymphatic system plays a key role 
in the dissemination of malignant cells from the primary tumor. Tumor cell migration into the lymphatic system is a complex 
process involving multiple mechanisms and interactions within the tumor microenvironment. This multistep process is associated 
with the complex role of lymphatic endothelial cells in the tumor microenvironment, lymphangiogenesis, lymphatic invasion, 
and the modulation of the immune response. Despite recent advances, the precise role of the regional lymphatic system in the 
progression of OSCC remains unclear, highlighting the need for further in-depth study.(International Journal of Biomedicine. 
2025;15(4):639-644.)
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Oral squamous cell carcinoma (OSCC), originating 
from the flat squamous cells that line the mouth, 

lips, and tongue, accounts for more than 90% of all oral 
malignancies.1 OSCC dramatically impacts patients’ quality 
of life, resulting in high morbidity and mortality rates. Early 
diagnosis and complete tumor removal are considered the 
mainstays of treatment for OSCC.2,3 Despite improvements in 
diagnosis and treatment over the past 30 years, the five-year 
survival rate for OSCC remains only 50%.4,5 Cervical lymph 
node (LN) involvement (N-status) is one of the most important 
independent prognostic factors in OSCC.6,7

This review focuses on the regional lymphatic status 
(RLS) of patients with OSCC. 

Regional lymphatic status in patients with oral cavity 
carcinoma is crucial for determining the stage of the disease, 
prognosis, and treatment strategy. The drainage and transport 
functions of the lymphatic system are essential to oral cancer, 
as they serve as the primary pathway for metastasis. 

Lymphatic endothelial cells (LECs), a specialized 
subset of endothelial cells, play multiple roles in the tumor 
microenvironment in addition to lining lymphatic vessels.8,9 

Lymphatic endothelial cells interact with innate and adaptive 
immune cells in both tissues and lymph nodes. These cells 
produce chemokines to attract immune cells to lymph nodes; 
specifically, CCL21 is involved in recruiting dendritic cells, 
which, in turn, promotes lymph node enlargement.10-12
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Lymphatic endothelial cells play a crucial role 
in the formation of new lymphatic vessels observed in 
highly active tumors, a process known as tumor-associated 
lymphangiogenesis.13 Tumor-associated lymphangiogenesis 
also involves various lymphangiogenic factors secreted by 
tumor cells or host cells present in the tumor microenvironment. 
These include vascular endothelial growth factor (VEGF) C and 
D, known primarily for stimulating lymphatic vessel growth, 
angiopoietin-2,  fibroblast growth factor (FGF), and others.14 

Importantly, the discovery of specific markers for 
LEC, such as the lymphatic vessel endothelial hyaluronic 
acid receptor 1 (LYVE-1) and podoplanin (D2-40), has 
enabled the distinction between lymphatic and blood 
vessels.15-17 LYVE-1 exhibits a high degree of lymphatic 
vessel specificity and has been an essential component in 
numerous  studies on tumor-induced lymphangiogenesis.17,18 
Furthermore, LYVE-1 is closely associated with lymph node 
metastasis in OSCC.19 

The complex role of lymphatic endothelial cells in the 
tumor microenvironment and recent advances in this field 
require in-depth study.

The lingual, sublingual, and submental nodes provide 
lymphatic drainage from the tongue and surrounding tissues, 
playing a crucial role in local immunity. Lymphatic metastases 
in oral cavity carcinoma are a sign of a more aggressive course 
of the disease and make the prognosis less favorable. 

Lymphovascular invasion (LVI), in which cancer cells 
invade the lumen of endothelial-lined lymphatic and blood 
vessels, is considered an important step in lymph node 
metastasis.8,20 Lymphatic invasion is the main mechanism by 
which cancer cells in oral squamous cell carcinoma disseminate 
to regional lymph nodes.21 Blood vessel invasion is considered 
a secondary route of distant metastasis, although it does not 
appear to be associated with lymph node metastasis.22 

Michikawa et al.23 reported a multivariate analysis of 
63 patients with oral tongue squamous cell carcinoma, which 
showed that lymphatic vessel invasion was an independent 
risk factor for the presence of lymph node metastasis, although 
blood vessel invasion was not.

Several retrospective studies have also reported a 
significant positive association between LVI and lymph node 
metastasis.24,25 A meta-analysis by Huang et al.21 included 
36 studies involving 17,109 patients with squamous cell 
carcinoma. It concluded that LVI can serve as a prognostic 
indicator of metastasis and prognosis in OSCC.

 In oral carcinoma, due to its location and the 
characteristics of the vessels and lymphatic pathways that 
pass through the glossopharyngeal neuromuscular complex, 
metastasis and lymphatic drainage occur under high 
pressure, which can influence the rate of tumor growth and 
dissemination.26  Recently, numerous studies have shown that 
abnormal tumor vasculature can create significant pressure 
on the tumor microenvironment, collectively referred to 
as hydrostatic stress.27 Typically, fluid stress is generated 
by blood flow and interstitial blood flow, which includes 
microvascular fluid pressure, interstitial fluid pressure, and 
shear stress.28 Due to increased interstitial fluid pressure in 
the central regions of the tumor, interstitial fluid flows from 

the center to the periphery and carries proangiogenic factors 
such as VEGF, promoting tumor hemangiogenesis. These 
proangiogenic factors also lead to increased lymph node 
metastasis by promoting lymphangiogenesis.29 Shear stress 
in lymphatic vessels has also been shown to activate YAP1 
(Yes-associated protein 1), thereby stimulating cancer cell 
migration.30

In oral carcinoma, lymphatic pathways lead to metastasis 
to regional lymph nodes, including the submandibular and 
cervical nodes, located outside the muscular structures in the 
subcutaneous tissue.31,32 Lymph node metastasis is the most 
adverse prognostic factor of OSCC, with an incidence rate of 
approximately 40%.33,34

Having precise knowledge of the regional spread can 
be highly beneficial before initiating any definitive treatment. 
There are approximately 300 lymph nodes in the head and 
neck region, which are classified according to various criteria, 
such as superficial and deep or medial and lateral.35-37 

Lymph from the tongue drains along a specific pathway: 
the anterior third to the submental lymph nodes (level IA), the 
middle third to the submandibular lymph nodes (level IB), and 
the posterior third and root of the tongue to the deep lymph 
nodes of the neck located along the internal jugular vein 
(levels IIB and III, less commonly IV).38,39

The intraoral areas have a rich lymphatic supply and 
are a typical site of metastasis in oral cancer.40 There is a 
predictable pattern of spread from upper to lower lymph node 
levels: submental (IA), submandibular (IB), superior jugular 
(II), middle jugular (III), inferior jugular (IV), and posterior 
cervical (V).

In oral cavity carcinomas, the submandibular lymph 
nodes (level IB) and the superior deep jugular lymph nodes 
(level II) are the most frequent sentinel lymph nodes. Metastasis 
to the lateral lingual lymph nodes (LLNs), located lateral to 
the hyoglossus muscle behind the submandibular gland, has 
not been frequently reported in English literature.  This group 
of LLNs was illustrated by Rouvière.41 Lingual lymph nodes  
are intervening lymph nodes that appear inconstantly within 
the fascial/intermuscular spaces of the floor of the mouth.42,43 

Rouvière classified LLNs into median LLNs located between 
the genioglossus muscles and lateral LLNs located lateral to 
the genioglossus muscle or the hyoglossus muscle.41

Ozeki et al.44 first reported a case of LLN metastasis in 
1985, and subsequent cases have been reported since then.45-48 
According to studies, the incidence of metastases to the medial 
and lateral LLNs in patients with squamous cell carcinoma of the 
tongue was 0.7-3.0%45,49,50 and 1.4-14.3% 44,49-52, respectively. 

Suzuki et al.42 presented the first case of metastasis 
to the lateral LLN located behind the submandibular gland 
from squamous cell carcinoma of the tongue. Eguchi et al.53 

presented a clinical case of a 55-year-old man with squamous 
cell carcinoma of the tongue (stage T4aN0M0) who underwent 
hemiglossectomy with cervical dissection and free flap 
reconstruction. An 8-mm lesion was present in the lingual 
septum, which, upon histopathological examination, was 
diagnosed as a metastasis to the medial lingual lymph node. 
The patient developed multiple distant metastases and died of 
the disease 18 months after the initial surgery. The presence 
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of metastases to the medial lymph node could have led to 
metastases to the contralateral neck and worsened the prognosis.

 In a study by Kuroshima et al.,54  a 5-year disease-
specific survival was significantly lower in patients with 
squamous cell carcinoma of the tongue and LLN metastasis 
than in patients without LLN metastasis (49.0% vs. 88.4%, P< 
0.01). Cox proportional hazards analysis revealed that cervical 
lymph node metastases at levels IV or V and LLN metastasis 
were independent prognostic factors for 5-year survival. LLN 
metastasis had a strong negative impact on survival in patients 
with squamous cell carcinoma of the tongue.

In a letter to the editors, Calabrese et al.55 stated that 
LLN metastases may worsen prognosis and may have the 
same effect as level I lymph node metastases.

However, data on the clinical significance and prognostic 
value of LLNs in patients with squamous cell carcinoma of the 
tongue are insufficient, as LLNs have received little attention 
until recently.

Median LLNs, located in the muscularis propria of the 
tongue, are a rare anatomical structure, and their presence can be 
variable. Their unique location, directly within the muscularis 
propria of the tongue rather than in the submandibular glands, 
may serve as a site for metastasis in tongue cancer, a poorly 
understood issue. A study by Tomblinson et al.48 estimated 
the prevalence of median LLN metastases from oral cavity 
squamous cell carcinoma. In the study group, a solitary 
metastasis to the median LLN from a tumor on the lateral 
surface of the tongue (T4aN2c) was detected in 1 of 105 cases 
of OSCC (0.95%).

Assessment of regional lymphatic status in oral 
carcinoma includes a clinical examination to palpate the nodes, 
a combination of instrumental methods (ultrasound, CT, MRI, 
PET-CT) to detect metastases in deep lymph nodes, and a 
biopsy of an enlarged lymph node for histological verification 
of the diagnosis.  

Magnetic resonance imaging (MRI) has a high degree 
of soft tissue discrimination, making it the preferred method 
for assessing oral soft tissue conditions. The use of advanced 
MRI techniques, such as diffusion-weighted imaging (DWI), 
dynamic contrast-enhanced perfusion-weighted imaging 
(DCE-PWI), magnetic resonance spectroscopy (MRS), 
diffusion tensor imaging (DTI), and diffusion kurtosis imaging 
(DKI) (an advanced DWI technique that focuses on the non-
Gaussian diffusion of water molecules in heterogeneous tissue 
microstructures), can improve diagnostic accuracy. These 
advanced functional MRI techniques enable noninvasive 
assessment of the biochemical, structural, and metabolic 
characteristics of tissues, which is crucial for the diagnosis, 
staging, and monitoring of oral cancer treatment. 

For example, Shaukat et al.56 investigated the accuracy 
of DWI for diagnosing oral cancer metastases to cervical 
lymph nodes. Magnetic resonance imaging, including a DWI 
sequence, in a 1.5-T scanner with a phased-array head and 
neck coil, was performed in 150 patients diagnosed with oral 
cancer. In the DWI sequence, the area scanned included the 
lymph nodes from the suprasternal notch to the base of the 
skull. Histopathological examination of the lymph nodes was 
used as the gold standard. The sensitivity, specificity, positive 

predictive value, negative predictive value, and accuracy 
of DWI for diagnosing oral cancer metastasis to cervical 
lymph nodes, using histopathology as the gold standard, were 
90.57%, 91.75%, 94.68%, 90.57% and 91.33%, respectively.

Innovative lymphography methods, such as radionuclide 
and fluorescence, have made it possible to visualize the 
process of lymph movement. Fluorescence lymphography, 
which visualizes the lymphatic system using a fluorescent 
dye such as indocyanine green, enables the assessment 
of the condition of lymphatic vessels and nodes, which is 
particularly important in oncological diseases.57 Fluorescence 
imaging visualizes biological processes occurring during the 
early stages of carcinogenesis and can facilitate the detection 
of small tumors at early stages. Due to its high sensitivity and 
spatial resolution, fluorescence imaging can aid in assessing 
resection margins during surgery.58

Recently, near-infrared (NIR) fluorescence has been 
introduced intraoperatively to detect lymph nodes, tumors, and 
vital structures.59 A study by van der Vorst et al.36 demonstrated 
the feasibility of detecting draining lymph nodes in patients 
with head and neck cancer using NIR fluorescence imaging.

Yang et al.35 evaluated the capability of indirect 
computed tomography and magnetic resonance 
lymphography (CT/MR-LG) with gadolinium-loaded gold 
nanoprobes embedded in polyethyleneimine (Gd-Au PENP) 
to assess sentinel lymph node metastasis in the VX2 tongue 
carcinoma model. They found that indirect CT/MR-LG with 
Gd-Au PENP can be used to diagnose sentinel lymph node 
metastasis in tongue cancer.

Conclusion
The lymphatic system plays a key role in the dissemination 

of malignant cells from the primary tumor. Tumor cell 
migration into the lymphatic system is a complex process 
involving multiple mechanisms and interactions within the 
tumor microenvironment.  This multistep process is associated 
with the complex role of lymphatic endothelial cells in the 
tumor microenvironment, lymphangiogenesis, characterized by 
the expression of MMPs, VEGF, FGF, and PDGF, promoted by 
adhesion molecules and cytokines, including CCR7, CCL21, 
MMPs, and VCAM-1.60,61 A  key step in cancer cell invasion 
and metastasis is the destruction of the basement membrane. 
Basement membrane destruction through targeted secretion of 
matrix metalloproteinases can lead to increased adhesion of 
migrating cells, as well as the release and activation of various 
growth factors necessary for angiogenesis, tumor growth, and 
metastasis. Lymphatic invasion and lymphatic metastasis are 
significant prognostic factors determining tumor survival and 
progression. Despite recent advances, the exact role of the 
regional lymphatic system in the progression of oral squamous 
cell carcinoma remains unclear, underscoring the need for 
further in-depth study.
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Abstract
Electrosurgery has significantly transformed modern surgical practices, offering a versatile and effective approach for cutting, 
coagulating, and desiccating biological tissue with remarkable precision. This review provides a comprehensive exploration of 
the fundamental principles that underpin electrosurgery, including the electrical mechanisms, tissue interactions, and the various 
types of thermal injuries that may arise during procedures. It categorizes thermal injuries into direct and indirect types, elucidating 
the unique risks associated with patients who have implantable electromagnetic devices. Furthermore, the review emphasizes the 
critical role of modeling thermal effects in electrosurgical procedures, highlighting how computational simulations can predict 
tissue damage and enhance safety measures. By deepening the understanding of these intricate concepts, surgeons are better 
equipped to optimize patient outcomes, minimize complications, and ensure the safe application of electrosurgical techniques. 
Ultimately, this review aims to bridge existing knowledge gaps and promote best practices in the field of electrosurgery, reinforcing 
its role as a vital tool in contemporary surgical settings.(International Journal of Biomedicine. 2025;15(4):645-648.)
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Introduction 
Electrosurgery has revolutionized surgical practices by 

providing a versatile and effective tool for cutting, coagulating, 
and desiccating biological tissue.1-3 By harnessing the effects 
of electric current, this technique enhances precision and 
efficiency in a wide range of surgical procedures, from 
minimally invasive laparoscopic surgeries to complex open 
surgeries. The ability to manipulate tissue with high accuracy 
not only improves surgical outcomes but also reduces recovery 
times and complications associated with traditional surgical 
methods.

However, the use of electrosurgery is not without its 
challenges. As with any surgical technology, it introduces 
inherent risks and complications, particularly in the form 
of thermal injuries.4,5 These injuries can have significant 
consequences for patient safety, ranging from minor burns 
to severe internal damage. Understanding the underlying 

principles of electrosurgery—including electrical 
fundamentals, tissue interactions, and the mechanisms of 
potential hazards—is essential for surgeons striving to 
optimize patient outcomes and minimize risks.

Electric currents flowing through the human body can 
lead to severe tissue injuries, commonly classified as direct 
and indirect thermal injuries.6 Direct injuries occur when 
an active electrode inadvertently contacts any part of the 
body outside the intended surgical site. In contrast, indirect 
injuries occur when the electrode unintentionally comes into 
contact with other metal instruments, causing the current to 
divert and affect surrounding tissues. Additionally, patients 
with implantable electromagnetic devices face unique risks, 
as electrosurgical devices can interact adversely with these 
implants, leading to specific injuries.

Given these complexities, this review aims to explore 
the principles of electrosurgery, examine the factors that 
influence its effectiveness, and emphasize the importance of 
safety considerations in its application. By enhancing our 
understanding of electrosurgery, we can better equip surgeons 
to utilize this powerful tool safely and effectively, ultimately 
improving patient care in surgical settings.
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Principles of Electrosurgery
Electrical Fundamentals

The mechanics of electrosurgery are grounded in 
electrical principles. It employs alternating current, which 
causes cellular ions to oscillate, generating frictional heat. This 
process transforms electrical energy into mechanical and then 
thermal energy within the cells. Electrode arrangements used 
in electrosurgery can be roughly divided into two categories: 
unipolar and bipolar (Figure 1).7,8 

The primary difference between these modalities lies 
in the pathway of the current. The unipolar circuit consists 
of a small active electrode placed at the surgical site and a 
patient return electrode placed on the patient’s body. The 
current’s likely path is from the active electrode to the ground 
electrode and back to the electrosurgical generator, completing 
the circuit. The high current density produced at the active 
electrode creates a pronounced diathermic effect, causing 
tissue destruction at the operative site. On the other hand, a 
bipolar circuit uses two electrodes of equal size, creating a 
dipole circuit at the site of application.  Upon applying a high 
current density through bipolar forceps, the small amount of 
tissue contained between the tips of the forceps is coagulated 
with minimal effect on surrounding tissue. 
Thermal Tissue Effects

Figure 2 illustrates thermal tissue effects, which refer 
to the changes that occur in biological tissues when they are 
exposed to heat or cold.9  Electrosurgical cutting occurs when 
temperatures exceed 100°C, leading to cellular vaporization. 
The gradual temperature rise between 60°C and 95°C results 
in desiccation and coagulation. Desiccation is achieved 
through the loss of cellular water, while coagulation arises 
from thermal protein denaturation. The use of wider active 
electrodes generally reduces current density, making it more 

conducive to coagulation and desiccation. Fulguration is 
a specialized application of the coag waveform, executed 
with the active electrode positioned away from the tissue. 
This technique generates electric arcing that bridges the air 
gap, producing temperatures above 200°C and resulting in 
carbonization. The low duty cycle ensures rapid diminishment 
of current, thus preventing excessive heat accumulation in 
deeper tissues. Fulguration proves effective in controlling 
bleeding from raw surfaces, providing a valuable tool for 
surgical hemostasis. 

Tissue Factors 
Tissues with high impedance, such as fat and scar 

tissue, will require higher power to achieve the desired 
tissue effects compared to those with low impedance, such 
as muscles and skin.10 Generally, obese or emaciated patients 
need more power output to cause the same tissue effects as 
in lean and muscular patients. Patients with vascular diseases 
such as atherosclerosis, liver cirrhosis, diabetes, and collagen 
disorders may not be suitable for electrosurgical hemostasis, 
and alternative hemostatic techniques may be required. Eschar 
build-up on the active electrode poses a high impedance to 
current; hence, higher power will be needed to achieve the 
desired tissue effects. It is good practice to keep the electrode 
clean at all times or to use non-stick electrodes (Teflon or 
silicone-coated).
Hazards of Electrosurgery 

Although advanced technology has significantly 
reduced electrosurgical complications, severe internal burns 
still occur.11 The estimated incidence of such burns is 3.6 
per 1,000 laparoscopic procedures. The majority of such 
burns are not recognized at the time of surgery, which can 
lead to severe morbidity or even mortality postoperatively. 
Additionally, they are associated with increased costs due 
to repeated surgeries, prolonged hospitalizations, and 

Figure 1. Schematic view of dipole circuits: 
a) a small active electrode - unipolar 
(monopolar) and b) two equal-sized 
electrodes - bipolar.   

Figure 2. Tissue effects result from the 
changes that biological tissues undergo 
when exposed to heat or cold.



647B. Radjenović & M. Radmilović-Radjenović / International Journal of Biomedicine 15(4) (2025) 645-648

malpractice claims. Table 1 shows a practical classification 
of electrosurgical hazards. 

Modelling of Thermal Effect
Accurate modeling of electrosurgical heating of soft 

tissues requires a fundamental understanding of how the 
applied energy distributes and dissipates within the tissue. 
Electrosurgery involves the application of an alternating 
current to cut and coagulate tissues simultaneously.12 When 
higher power settings are applied, the tissue is rapidly heated 
to 100°C within seconds. In an electrosurgical procedure, the 
vicinity of the electrode is a region of high-power density 
as the electric field intensity drops off as the square of the 
distance from it, resulting in sharp temperature and pressure 
gradients with large evaporation losses.13 The challenge of 
accurately modeling electrosurgical heating of hydrated soft 
tissues arises from the need to capture energy dissipation that 
is significantly affected by changes in temperature-dependent 
properties, latent heat loss, and phase change within the tissue 
that is heterogeneous and contains than 70% water by mass. 
Computational models are frequently employed to evaluate 
the safety of electrosurgical procedures, predict tissue damage, 
and inform the development of new instrument designs.14,15 In 
the modeling of thermal effects on the tissue, several factors 
have to be considered:

• Penetration of Electric Field into Tissue – The 
distribution of the electric field is determined by the geometry 
of the electrodes. For spherical and cylindrical electrode 
configurations, the penetration depth of the electric field in 
tissue is approximately equal to the electrode radius. 

• Heat Diffusion – The penetration of heat into the tissue 
by diffusion depends on pulse duration. If repetitive pulses are 
applied, heat accumulation should be prevented by providing 

a sufficient delay between pulses for energy dissipation from 
the heated area.

• Cavitation – In pulsed ablation, tissue can also be 
damaged by the mechanical effects of the rapidly expanding 
and collapsing cavitation bubbles. During the collapse of the 
cavitation bubbles, fast water jets can form near the tissue 
boundaries, extending the range of mechanical tissue damage. 

• Electroporation – Another potentially damaging 
mechanism is the direct effect of the electric field on cellular 
membranes. Due to the polarization of the cell in an electric 
field, its transmembrane potential is increased on the anodic 
side (hyperpolarization) and decreased on the cathodic side 
(depolarization). 

• Tissue Modelling – The significant discrepancies 
found between model predictions and experimental data in the 
literature show that accurately modelling the radio-frequency 
heating of soft tissue requires capturing the interactions 
between the heterogeneous phases that comprise soft tissue, 
including heat transfer, mass transport, phase change, and 
mechanics.

• Evolution of Tissue Damage – Modeling of 
electrosurgical procedures is complicated because the models 
must also include the motion of the electrosurgical tool. The 
actual depth and extent of tissue injury depend on several 
factors, including power density, electrode size and shape, and 
the nature of the tissue being dissected.

The computational model plays a significant role in 
predicting electrosurgical outcomes, thereby enhancing 
electrosurgery, as illustrated in Figure 3, which depicts the stages 
of electrocoagulation. a) The process starts with coagulation. b) 
At the end of coagulation, the more superficial coagulated tissue 
dries out (desiccation) and becomes less electrically conductive, 
potentially preventing the current from continuing to flow. c) 
Sparking may then occur through the nonconductive desiccated 
layer, leading to disruption of this layer, passage of more current, 
more heat production, and deeper thermal damage. The timing 
of desiccation occurrence during coagulation depends on the 
current density. With lower current density, there may be deep 

Table 1.  
Overview of the electrosurgical hazards (unintended burns, 
electrical shock and glove burns, surgical plume, explosion, 
surgical fire, and electromagnetic interference with other devices). 

Unintended burns
Active electrode Dispersive electrode Current diversion

Lateral thermal spread Poor skin contact Insulation failure

Residual heat Poor lead connection Direct coupling

Inadverten activation Capacitive coupling

Direct thermal extension Antenna coupling

Alternate site injury

Electrical shock and glove burns

Surgical plume

Explosion

Surgical fire

Electromagnetic interference with other devices

Implantable electronic
devices Electrocardiogram Video imaging

system

Figure 3. Graphical illustration of the sparking 
that occurs during the electrocoagulation with 
desiccation.
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coagulation before desiccation happens. Therefore, for deep 
coagulation, a relatively low power should be chosen to provide 
slow coagulation and a late occurrence of desiccation, keeping 
in mind that a very low power may not be able to ensure the 
coagulation. In such cases, simulations may provide accurate 
values of the current density that enable the desired coagulation 
with late desiccation.  

Conclusions and Future Outlook
In conclusion, electrosurgery represents a significant 

advancement in surgical technology, enabling the performance 
of complex procedures with greater efficiency and precision. 
The capability to simultaneously cut and coagulate tissue has 
transformed surgical protocols, reducing operation times and 
improving patient recovery. However, risks such as thermal 
injuries and complications for patients with implantable 
devices remain concerns.

This review highlights the importance of ongoing 
research in enabling surgical teams to understand the 
complexities of electrosurgical techniques and their associated 
risks. Implementing rigorous safety protocols and updating best 
practices based on current research will be vital in mitigating 
complications. Looking ahead, advancements in technology 
and computational modeling promise to further enhance the 
capabilities of electrosurgery. An improved understanding of 
tissue interactions and thermal dynamics through simulation 
may enable more tailored surgical approaches, thereby 
minimizing damage to surrounding tissues. The integration 
of artificial intelligence and machine learning could also 
revolutionize precision and safety, offering real-time feedback 
for dynamic adjustments during procedures.

As the field evolves, interdisciplinary collaboration among 
engineers, surgeons, and researchers will drive innovation, 
keeping electrosurgery at the forefront of surgical technology 
and ultimately enhancing patient care and outcomes. The future 
of electrosurgery is promising, with potential for even greater 
advancements in surgical practices and patient safety.
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Abstract
Background: Herpes zoster (HZ), also known as shingles, is often complicated by postherpetic neuralgia (PHN), a chronic pain 
condition that significantly impairs quality of life. Vaccination against HZ has become a key preventive strategy to lower the risk 
of PHN. This review evaluates the effectiveness of HZ vaccines in reducing the incidence of PHN.
Methods and Results: In accordance with PRISMA guidelines, a systematic search was conducted across PubMed, Embase, 
Web of Science, and the Cochrane Library up to May 2024. Eligible studies included randomized controlled trials (RCTs), cohort 
studies, and observational studies that reported quantitative outcomes on the occurrence of PHN after vaccination.
The included studies encompassed diverse populations, primarily older adults. The recombinant zoster vaccine (RZV) demonstrated 
a substantial reduction in PHN incidence, with effectiveness approaching 60%. In contrast, the live zoster vaccine (ZVL) showed 
notable early protection, though its efficacy declined over time.  The recombinant zoster vaccine (RZV) was associated with higher 
rates of mild, self-limiting adverse reactions compared with ZVL.
Conclusions: Both HZ vaccines, particularly RZV, are effective in preventing PHN and exhibit acceptable safety profiles. Broader 
vaccine uptake could decrease the public health burden of PHN. Long-term data on the duration of immunity and the potential role 
of booster doses remain areas for future investigation.(International Journal of Biomedicine. 2025;15(4):649-652.)
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Introduction
Herpes zoster (HZ), also known as shingles, is caused 

by the reactivation of the latent varicella-zoster virus (VZV), 
the same virus responsible for causing chickenpox. Following 
primary infection, usually in childhood, VZV remains 
dormant within sensory ganglia and can reactivate later in 
life. Age-related immune decline, immunosuppression, and 
psychosocial stress are among the major triggers of viral 

reactivation, leading to the development of HZ. Clinically, 
HZ presents as a painful, vesicular rash in a dermatomal 
distribution, often preceded by prodromal symptoms such as 
itching, burning, or tingling sensations.1

The most common and burdensome complication of 
HZ is postherpetic neuralgia (PHN), a chronic neuropathic 
pain syndrome that may persist for months or years after 
rash resolution. PHN significantly impairs quality of life, 
contributing to ongoing pain, functional limitations, sleep 
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disturbances, and psychological distress. Beyond individual 
suffering, PHN imposes a considerable healthcare and 
economic burden due to prolonged treatment needs and 
increased healthcare utilization.2,3

Because PHN is difficult to treat and often refractory to 
available therapies, prevention has become a major clinical 
priority. Vaccination against HZ has emerged as an effective 
strategy to reduce both the incidence and severity of HZ and, 
by extension, the risk of PHN. By enhancing VZV-specific 
immunity, vaccines aim to prevent reactivation or attenuate 
disease severity, thereby lowering the likelihood of PHN 
development.4,5 Current recommendations target older adults, 
the population at greatest risk, with evidence suggesting a 
meaningful reduction in HZ and its complications following 
vaccination.6 Nonetheless, questions remain regarding the 
degree of protection specifically against PHN, underscoring 
the need for a systematic evaluation of available evidence.

In this review, we assess the impact of HZ vaccination 
on the incidence of PHN. By synthesizing data across 
clinical trials and observational studies, we aim to clarify the 
effectiveness of HZ vaccines in mitigating one of the most 
persistent and debilitating outcomes of HZ.

Methods
We systematically searched PubMed, Embase, Web of 

Science, and the Cochrane Library for studies published up 
to May 2024, and screened reference lists of relevant articles.

Eligible studies included randomized controlled trials, 
cohort, case-control studies, and observational studies 
that assessed herpes zoster (HZ) vaccination and reported 
quantitative data on postherpetic neuralgia (PHN) incidence in 
humans. Reviews, editorials, case reports, and studies without 
relevant outcomes were excluded.

Search terms combined keywords and MeSH headings 
for “herpes zoster,” “shingles,” “postherpetic neuralgia,” and 
“vaccine.” Two reviewers independently screened records, 
extracted data, and resolved discrepancies by consensus. 
Extracted variables included study and participant characteristics, 
vaccine type and regimen, and outcomes (PHN incidence, 
follow-up duration, vaccine efficacy, and adverse events).

The primary outcome was the incidence of PHN after 
vaccination; secondary outcomes included the incidence of 
HZ, vaccine efficacy, and safety. The methods followed the 
PRISMA guidelines.

Results
Across randomized trials, cohort, and observational 

studies, herpes zoster (HZ) vaccination consistently reduced 
postherpetic neuralgia (PHN) incidence. Most studies involved 
adults aged ≥50 years from the United States, New Zealand, 
and Southeast Asia, with sample sizes up to >30,000.

The recombinant zoster vaccine (RZV) lowered PHN 
incidence by ~60% in older adults, with durable protection 
over several years. By contrast, live zoster vaccine (ZVL) 
showed strong early efficacy but declined markedly over time, 
suggesting a need for booster strategies.6-9

Recombinant zoster vaccine (RZV) was associated with 
higher rates of mild local and systemic reactions than ZVL, 
but serious adverse events were rare.10-13

Modeling studies predicted substantial public health 
gains: raising RZV coverage to 65% in Southeast Asia could 
prevent hundreds of thousands of PHN cases over 15 years, 
with significant healthcare cost savings.12,13

Subgroup analyses confirmed benefits across age groups 
and health statuses, with particularly strong protection in older 
and immunocompromised populations.13-15

Discussion
Herpes zoster (HZ) results from reactivation of 

latent varicella-zoster virus (VZV) within sensory ganglia. 
Following primary infection, the virus persists in neuronal 
cell bodies in a transcriptionally quiescent state, thereby 
evading immune detection.15 Reactivation is primarily driven 
by immunosenescence, with age-related declines in T-cell-
mediated immunity rendering older adults particularly 
vulnerable. Immunocompromised states such as HIV infection, 
organ transplantation, or long-term immunosuppressive therapy 
further disrupt the host–virus balance, permitting viral replication 
and clinical disease. In addition, stress, trauma, or neurological 
injury can alter the local ganglionic microenvironment via 
neuroendocrine and inflammatory signaling, creating conditions 
favorable to reactivation. Viral factors, including mutations in 
latency- or reactivation-associated genes, may also modulate 
the risk of reactivation.15,16

Host immune responses play a decisive role in 
determining disease outcomes. VZV-specific T cells are central 
to viral control; memory T cells maintain immune surveillance 
in sensory ganglia and can rapidly eliminate reactivated 
virus.17 When this surveillance is compromised, viral spread 
along sensory nerves initiates acute HZ, characterized 
by a painful dermatomal rash and robust inflammatory 
infiltration of cytokines, chemokines, and immune cells.15 

This inflammation, while necessary for viral clearance, also 
contributes to neuronal injury and heightened nociceptive 
signaling. Persistent neuroinflammation, combined with 
ongoing antigenic stimulation, aberrant nociceptive 
processing, and neuronal sensitization, provides the basis for 
postherpetic neuralgia (PHN).18

Several risk factors predispose to PHN. Advanced age 
remains the strongest predictor, owing to diminished immune 
function, reduced regenerative capacity, and heightened 
neuroinflammation. Severe acute pain during HZ also strongly 
correlates with PHN onset, highlighting the importance of 
early and effective pain control.19 Pathophysiologically, PHN 
is sustained by persistent inflammation, structural nerve 
injury (including demyelination and axonal loss), and central 
sensitization that amplifies pain signaling within the central 
nervous system.19,20

Management of HZ focuses on limiting viral replication 
and alleviating acute pain. Antivirals such as acyclovir, 
valacyclovir, and famciclovir, when administered early, reduce 
viral replication and accelerate lesion healing.21 Pain management 
strategies include NSAIDs, opioids, anticonvulsants, and 
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topical agents such as lidocaine patches.22 Once established, 
PHN requires a multimodal approach involving tricyclic 
antidepressants, gabapentin or pregabalin, topical capsaicin or 
lidocaine, and, in refractory cases, interventional procedures 
such as nerve blocks or spinal cord stimulation.23 Despite these 
options, PHN remains challenging to treat, emphasizing the 
importance of preventive strategies.

Vaccination has emerged as the most effective 
intervention for reducing both HZ and PHN. The live 
attenuated vaccine (Zostavax) demonstrated efficacy in 
lowering disease incidence in older adults, although its 
protective effect wanes within a few years.5,10,25  In contrast, the 
recombinant subunit vaccine (Shingrix), which contains VZV 
glycoprotein E and the AS01B adjuvant system, has shown 
superior efficacy and durability across age groups, including 
individuals over 70 years.24 Shingrix induces both humoral 
and cell-mediated responses without viral replication, making 
it safer for immunocompromised populations.5,25

Evidence from randomized clinical trials consistently 
demonstrates the efficacy of vaccines. The ZOE-50 trial and 
related studies showed that Shingrix significantly reduces both 
HZ incidence and PHN risk compared to placebo, with efficacy 
exceeding 90% in older adults.24 In contrast, the protective 
effect of Zostavax declines markedly within the first year, 
raising questions about the need for boosters 10,25 Both vaccines 
are generally safe, with adverse events limited to transient 
injection-site reactions and mild systemic symptoms, although 
live vaccines carry higher risks for immunocompromised 
individuals.5,24,25

Beyond clinical trials, real-world effectiveness studies 
confirm that HZ vaccination programs substantially reduce the 
incidence of HZ and PHN, lower healthcare utilization, and 
improve quality of life for older adults.26 Population-based 
data further show declines in PHN rates following widespread 
vaccine adoption, with the greatest benefit observed in 
older adults and individuals with immunocompromising 
conditions.7,10,14,15 Modeling and cost-effectiveness analyses 
suggest that the broader use of recombinant subunit vaccines 
could prevent a substantial proportion of PHN cases and yield 
significant public health benefits.8,10

Taken together, these findings underscore that 
PHN arises from a complex interplay of immune decline, 
neuroinflammation, and neuronal injury, which makes it 
difficult to manage once established. Vaccination, particularly 
with Shingrix, represents the most effective strategy to prevent 
HZ and its chronic complications. Continued efforts to expand 
vaccination coverage, particularly among high-risk groups, are 
crucial for reducing the burden of PHN at both the individual 
and population levels.

Challenges and Future Directions
Despite proven efficacy, herpes zoster vaccines remain 

underutilized due to hesitancy, cost, and limited access. 
Addressing these barriers through physician engagement, public 
education, and expanded delivery models (e.g., pharmacies, 
mobile clinics) will be essential to improve uptake.27,28 Key 
research priorities include defining long-term immunity, 

optimizing booster strategies, and refining cost-effectiveness 
models for high-risk groups. Sustained real-world surveillance 
of safety and effectiveness will be crucial to maintain confidence 
and maximize public health impact. 10,29,30

Limitations 
Only articles written in English and with available full 

texts were included. Studies featuring both adult and pediatric 
data were considered only if they provided individual-level 
data specifically for pediatric patients. No meta-analysis was 
performed.

Conclusion
The herpes zoster vaccine, particularly RZV, represents 

a significant advancement in the prevention of PHN. The 
evidence supports its widespread use, given its effectiveness, 
safety profile, and potential to reduce the public health burden 
of HZ. Continued research and public health efforts are 
essential to maximize the benefits of vaccination and improve 
the quality of life for older adults.
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Abstract
Background: Pulmonary vein isolation, particularly via radiofrequency ablation (RFA), is a well-established and effective 
treatment strategy recommended in international clinical guidelines for patients with symptomatic, drug-resistant atrial fibrillation 
(AF). This study aimed to investigate the incidence and risk factors of early and late recurrence of AF following RFA. 
Methods and Results: This prospective, randomized, open-label study included 67 patients (70.1% male) diagnosed with recurrent 
AF. Any atrial tachyarrhythmia episode lasting more than 30 seconds was defined as a recurrence.  All patients underwent RFA 
of the pulmonary veins (without the CARTO system) between 2022 and 2025. Clinical and laboratory parameters were analyzed 
before ablation for their association with recurrence. 
Early recurrence (ER) was observed in 30 (44.8%) patients, while late recurrence (LR) occurred in 32 (47.8%) patients. Multivariate 
logistic regression revealed that diabetes mellitus and C-reactive protein (CRP) level at the end of the blanking period remained 
the only independent predictors of ER. CRP levels demonstrated strong predictive value for early recurrences (AUC = 0.93), 
with a cutoff point of 1.95 mg/L, a sensitivity of 90%, and a specificity of 85.7% (P<0.001). In ROC analysis for CRP and 
diabetes combined, the AUC reached 0.957, demonstrating a very high discriminative capacity. The sensitivity was 96.7%, and the 
specificity was 90.9%, confirming the high accuracy and reliability of the prognostic model (P<0.001). 
For late recurrence, multivariate logistic regression revealed that CRP, AF duration, left atrial volume index (LAVI), and erythrocyte 
sedimentation rate (ESR) were identified as independent predictors of the outcome. In the ROC analysis of 12-month recurrence 
predictors, the model demonstrated strong statistical significance (P=0.000), with an AUC of 0.83. Although ER was not identified 
as an independent predictor in the logistic regression model, the ROC analysis demonstrated the predictive relevance of CRP, AF 
duration, LAVI, ESR, and ER rate, with sensitivity exceeding 75% and specificity above 80% 
Conclusion: Elevated CRP levels and diabetes are strong independent predictors of early AF recurrence after catheter ablation.  
Longer AF duration, larger left atrial size, increased ESR, and early recurrence rate also contribute to late recurrence. Combined 
clinical and biochemical evaluation may enhance individualized risk stratification and post-ablation management.(International 
Journal of Biomedicine. 2025;15(4):653-659.)
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Introduction
Atrial fibrillation (AF) is the most common cardiac 

arrhythmia encountered in clinical practice, and its global 
prevalence continues to rise each year. In 2021, approximately 
52.5 million people worldwide were reported to have AF or 
atrial flutter, representing a 137% increase over 1990. The age-
standardized global prevalence rate was estimated at 620.5 
cases per 100,000 population.1 According to other sources, 
the number of AF cases globally increased from 33.5 million 
in 2010 to nearly 59 million in 2019.2 The presence of AF 
increases the risk of stroke by at least fivefold, with more than 
20% of cardioembolic strokes being directly related to AF. 
Moreover, AF is characterized by its recurrent nature, reduced 
quality of life, and substantial healthcare costs.3

Pulmonary vein isolation (PVI), particularly via 
radiofrequency ablation (RFA), is a well-established and 
effective treatment strategy recommended in international 
clinical guidelines for patients with symptomatic, drug-
resistant AF. In some cases, especially for paroxysmal 
AF, ablation is also considered as a first-line rhythm 
control strategy. Compared with pharmacological therapy, 
catheter ablation has demonstrated superior efficacy in 
maintaining sinus rhythm, improving quality of life, reducing 
hospitalizations due to heart failure, and lowering the risk of 
stroke and cardiovascular mortality.4

Despite these benefits, AF recurrence after PVI remains 
a significant clinical challenge. Long-term rhythm control 
after a single ablation procedure is achieved in only about 
half of patients, with most recurrences occurring within the 
first year—the period considered to be the most vulnerable.5 

Early recurrence (ER) (within 3 months after RFA) is 
reported in 20%–40% of patients, depending on the type of 
AF (paroxysmal or persistent), the patient population, and 
the monitoring method. Although these arrhythmias were 
previously regarded as clinically insignificant, growing 
evidence now supports ER as a strong predictor of subsequent 
relapse and long-term procedural failure. In other words, 
the presence of ER markedly increases the likelihood of late 
recurrence (LR) (between 3 and 12 months after RFA).6

The one-year recurrence rate varies among studies. 
Meta-analyses have reported that 25%–40% of patients 
experience recurrence within a year after a single ablation 
procedure, depending on the monitoring methods, AF type, 
and recurrence definition criteria. Continuous or implantable 
monitoring devices often detect asymptomatic paroxysms, 
leading to higher reported recurrence rates.6

Various predictors of AF recurrence have been proposed 
in the literature, including clinical, social, and lifestyle 
characteristics, as well as procedural parameters, laboratory 
findings, and echocardiographic markers. However, 
methodological and clinical heterogeneity among studies 
has led to inconsistent results. Therefore, identifying reliable 
clinical and biochemical predictors of AF recurrence after 
PVI is crucial for optimizing patient selection, tailoring post-
procedural management, and improving long-term outcomes.

This study aimed to investigate the incidence and risk 
factors of early and late AF recurrence following RFA. 

Materials and Methods
This prospective, randomized, open-label study included 

67 patients (70.1% male) diagnosed with recurrent AF. Among 
them, 46 had paroxysmal and 21 had persistent AF. All patients 
underwent RFA of the pulmonary veins (without the CARTO 
system) between 2022 and 2025.

Before RFA, all patients underwent the standard 
examination: 12-lead ECG, transthoracic echocardiography, 
transesophageal echocardiography to exclude left atrial 
appendage thrombus, 24-hour Holter monitoring, complete 
blood count, biochemical tests (ALT, AST, urea, creatinine, 
glucose, lipid profile, and CRP). In patients over 50 years 
of age, coronary angiography was performed to diagnose 
coronary artery disease. All patients received anticoagulant 
therapy before surgery in accordance with current guidelines.7 

Patients who had previously taken amiodarone discontinued it 
at least 40 days before the procedure. To assess the presence 
of inflammation at the end of the blanking period, CRP levels 
were re-measured. Clinical and laboratory parameters were 
analyzed before ablation for their association with recurrence.
Electrophysiological Study and RFA 

The procedure was performed under fluoroscopic 
guidance (C-arm Siemens) and local anesthesia (0.5% 
novocaine or lidocaine). The right jugular and bilateral femoral 
veins were punctured, and transseptal access to the left atrium 
was achieved via PREFACE introducers  (Biosense Webster). 
Pulmonary vein anatomy and size were assessed using an 
angiographic catheter, then replaced with a Lasso catheter. 
Circular mapping of the pulmonary veins was performed to 
evaluate the size and electrical activity of the muscular sleeves. 
During sinus rhythm, double or multicomponent potentials 
were recorded along the pulmonary vein ostia—low-frequency 
components representing the left atrium and high-frequency 
components representing pulmonary vein activity. In complex 
cases, coronary sinus pacing was used to differentiate them. 
Electrical isolation was achieved by circumferential ablation 
around the venous ostia, starting from the earliest activation 
site, divided into 12 segments (Biosense Webster Stockert 70 
Ablation System). Ablation parameters: temperature 40–44 °C, 
power 30–35 W, irrigation rate 17–30 mL/min. Post-procedural 
assessments of pulmonary vein refractoriness, AF inducibility, 
fragmented activity, and conduction times were performed.

After the procedure, patients received class IC 
antiarrhythmic drugs (propafenone, n=33; lappaconitine 
hydrobromide, n=34) for three months, anticoagulant therapy, 
and additional symptomatic management as indicated. 
Outpatient follow-up lasted 12 months after ablation.

During follow-up, patients were evaluated at 3, 6, 
9, and 12 months with 24-hour Holter monitoring and 
echocardiography. Unscheduled visits were performed in cases 
of recurrent arrhythmia, hospital admission, or emergency 
service contact, with reasons for hospitalization verified via 
phone interviews. Any atrial tachyarrhythmia episode lasting 
more than 30 seconds (AF, atrial flutter, or atrial tachycardia) 
was defined as a recurrence. Patients were categorized into 
two groups based on recurrence timing: the ER group and the 
LR group. 
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Statistical analysis was conducted using IBM SPSS 
Statistics, version 27. Quantitative variables with normal 
distribution were expressed as mean ± standard deviation 
(M ± SD); non-normally distributed variables—as median 
(interquartile range); categorical variables—as absolute 
numbers and percentages. Comparisons between two 
independent groups were made using the Student’s t-test 
(for normally distributed data) or the Mann–Whitney U test 
(for non-normal data). Categorical variables were analyzed 
using Fisher’s exact test or Pearson’s χ² test, as appropriate. 
Predictors of AF recurrence were assessed using ROC curve 
analysis and logistic regression. ROC analysis was used to 
evaluate the predictive performance of key variables and 
to determine the optimal cut-off points, along with their 
corresponding sensitivity and specificity. Logistic regression 
was performed to identify independent predictors of 
recurrence; variables with P < 0.25 in univariate analysis were 
entered into the multivariate model. Statistical significance 
was set at P < 0.05.

Results
Baseline clinical characteristics of the study patients 

are presented in Table 1. Early recurrence was observed in 30 
(44.8%) patients, while late recurrence occurred in 32 (47.8%) 
patients. 

The median number of AF-free days was 142 days 
(range: 17.5–600 days). Among patients with recurrence, the 
proportion of males was 60% in the ER group and 56.3% in 
the LR group. The mean age of the cohort was 51.5±11.9 
years. Patients with recurrence tended to be older:  54.43 ± 9.1 
vs. 49.1 ± 13.4 years (P=0.06) at 3 months and 54.78 ± 9.9 vs. 
48.5 ± 12.8 years (P=0.029) at 12 months (Table 1).

 A history of COVID-19 infection was present in 61% 
of patients, with no significant difference between groups. 
Among patients with recurrence, the duration of AF was 
significantly longer at 12 months (5 [3–8] years vs. 2 [1–6] 
years, P=0.008). Arterial hypertension and ischemic heart 
disease were observed in 74.6% of all patients and were more 
frequent in those with recurrence, though without statistical 
significance. Myocarditis and idiopathic AF were reported in 
15% and 10.4% of cases, respectively.

Diabetes mellitus was significantly more prevalent in the 
recurrence groups at 3 months (26.7% vs. 5.4%, P=0.034) and 
at 12 months (25% vs. 5.7%, P=0.039). Echocardiographic 
evaluation revealed that patients with recurrence had larger LA 
diameters and LAVI at 3 months (4.45 (4.15-4.7) cm vs. 41.5  
(3.85-4.35) mm, P=0.004; 27 (24-32.7 vs. 23 (21-28) mL/m², 
P=0.004). These differences remained more pronounced at 12 
months (P<0.001 in both cases). IVS and PW thickness tended 
to be greater in the recurrence groups, though not statistically 
significant. LVEF was preserved in both groups.

Characteristics Total
n=67

3 months
Р-value

12 months
Р-valueRecurrence

n= 30
No recurrence
n= 37

Recurrence
n=32

No recurrence
n=35

Men, n (%) 47 (70.1%) 18 (60%) 29 (78.37%)
0.11

18 (56.3%) 29 (82.9%) 0.03
Women, n (%) 20 (29.9%) 12 (40%) 8 (21.63%) 14 (43.8%) 6 (17.1%)

Mean age, years 51.52±11.88 54.43±9.1 49.1±13.4 0.06 54.78±9.9 48.5±12.8 0.029

COVID 19, n (%) 41 (61%) 16 (53.3%) 25 (67.6%) 0.23 19 (59.4%) 22 (62.9%) 0.77

Rural residence, n (%) 36 (53.7%) 16 (53.3%) 20 (54%) 1.0 18 (56.2%) 18 (51.4%) 0.7

Follow-up duration,
month Me [IQR] 22 (19-31) 20 (19-25) 27 (18-32) 0.196 21 (19-28) 23 (15-31) 0.8

AF duration, month
Me [IQR] 4 (2-7) 4 (3-6) 2 (1-8) 0.64 5 (3-8) 2 (1-6) 0.008

Paroxysmal, n (%) 46 (68.7%) 20 (66.7%) 26 (70.3%)
0.79

19 (59.4%) 27 (77.1%) 0.18
Persistent, n (%) 21(31.3%) 10 (33.3%) 11 (29.7%) 13 (40.6%) 8 (22.9%)

CHA2DS2VASc score,
Me [IQR] 2 (0-3) 2 (1-4) 1 (0-2) 0.011 2 (1-4) 1 (0-2) 0.014

HASBLED score, 
Me [IQR] 1 (0.5-2) 2 (1-2) 1 (0-2) 0.011 2 (1-2) 1 (0-2) 0.004

AH/IHD, n (%) 50 (74.6%) 26 (86.7%) 24 (64.9)

0.1

27 (84.4%) 23 (65.7%)

0.15Myocarditis, n (%) 10 (15%) 3 (10%) 7 (18.9%) 2 (6.3%) 8 (22.9%)

Idiopathic AF, n (%) 7 (10.4%) 6 (16.2%) 1 (3.3%) 3 (9.4%) 4 (11.4%)

DM, n (%) 10 (14.9%) 8 (26.7%) 2 (5.4%) 0.034 8 (25%) 2 (5.7%) 0.039

BMI, Me [IQR] 29.2 (27.5-31.24) 28.9 (27.6-31.6) 29.4(27.5-31.4) 0.73 29.3 (26.7-32.3) 29.3 (27.6-30.9) 0.4

Obesity, n (%) 27 (40.3%) 11 (36.7%) 16 (43.2%) 0.58 15 (46.9%) 12 (34.3%) 0.29

Table 1.
Baseline clinical characteristics of the study patients.
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Among laboratory parameters, CRP levels were 
significantly higher in the recurrence groups at both 3 and 12 

months (P<0.001 in both cases). Baseline urea and creatinine 
were also higher in patients with recurrence at 3 months  

Characteristics Total
n=67

3 months
Р-value

12 months
Р-valueRecurrence

n= 30
No recurrence
n= 37

Recurrence
n=32

No recurrence
n=35

Echocardiographic Parameters

IVS, cm 
Me [IQR] 1 (0.9-1.15) 1.07 (0.95-1.2) 1 (0.89-1.12) 0.06 1.07 (0.95-1.2) 1 (0.9-1.11) 0.158

PW, cm 
Me [IQR] 0.95 (0.9-1.05) 0.97 (0.91-1.1) 0.93 (0.9-1.0) 0.09 0.95 (0.9-1.1) 0.93 (0.9-1.0) 0.316

0.13
LAD, сm 
Me [IQR] 4.3 (3.95-4.55) 4.45 (4.15-4.7) 4.15 (3.85-4.35) 0.004 4.45 (4.2-4.6) 4.0 (3.8-4.35) <0.001

LAVI, mL/m2  
Me [IQR] 25.9 (22-30.4) 27 (24-32.7) 23 (21-28) 0.004 28 (25.3-34.6) 22.1 (20.5-26.7) <0.001

LVEDD, cm        
Me [IQR] 4.9 (4.8-5.2) 4.9 (4.8-5.3) 4.9 (4.7-5.2) 0.62 4.9 (4.75-5.3) 4.9 (4.8-5.1) 0.626

LVESD, cm 
Me [IQR] 3.4 (3.2-3.6) 3.4 (3.3-3.6) 3.4 (3.2-3.7) 0.86 3.45 (3.25-3.6) 3.4 (3.2-3.5) 0.4

LVEF, %
Me [IQR] 60.45 (58.8-62.5) 60.3 (56.4-62.2) 61.5 (59.3-62.8) 0.177 60.3 (56.3-62.2) 62 (59.3-62.7) 0.1

RA med, cm
Me [IQR] 4 (3.85-4.2) 4 (3.9-4.25) 4 (3.8-4.1) 0.7 4.05 (3.95-4.25) 3.95 (3.7-4.1) 0.056

LVMI, g/m²
Me [IQR] 86 (75-102) 95 (82.3-102.8) 81.2 (66.1-90.2) 0.03 97.4 (81.2-

102.7)
80.9 (72.7- 0.01

Biochemical Parameters
CRP, mg/L
Me [IQR]             0.5 (0.5-5) 5 (5-5) 0.5 (0.5-0.5) <0.001 5 (1.95-5) 0.5 (0.5-0.5) <0.001

TSH, mIU/mL (M±SD) 2.31±1.11 2.48±1.32 2.16±0.91 0.265 2.59±0.99 2.05±1.17 0.05

Free T4, pmol/mL (M±SD) 17.84±2.7 18.9±2.9 16.9±2.17 0.002 18.7±3.1 17±1.95 0.008
TC, mg/dL (M±SD) 192.4±42.1 198.6±26.2 187.8±51.47 0.28 195.9±32.3 189.2±49.6 0.5
TG, mg/dL 
Me [IQR] 139 (97-202) 148 (104-178) 131 (97-202) 0.6 139 (92-170.5) 131 (98-204) 0.37

HDL-C, mg/dl (M±SD) 44.7±10.7 44.7±12.5 44.7±9.1 0.98 45.2±12.8 44.2±8.5 0.7
VLDL-C, mg/dL
Me [IQR] 31 (20-40) 29.5 (21-36) 31 (20-41) 0.57 28 (18.5-34.5) 33 (20.5-44) 0.13

LDL-C, mg/dL (M±SD) 115.37±42 121.73±31 110.2±49 0.27 119.3±33.83 111.8±48.6 0.46
AI (M±SD) 3.4 (2.3-4.2) 3.67±1.13 3.35±1.3 0.3 3.6±1.25 3.4±1.22 0.5
Glucose, mmol/L
Me [IQR] 5.1 (4.8-5.8) 5 (4.4-5.5) 5.3 (4.9-5.8) 0.48 5 (4.5-5.65) 5.3 (4.8-5.8) 0.51

Urea, mmol/L (M±SD) 6±1.39 6.4±1.36 5.66±1.35 0.027 6.44±1.3 5.6±1.37 0.013
Creatinine, µmol/L (M±SD) 90.7±21.5 98.5±18.6 84.38±21.8 0.007 98.97±21.1 83.14±19.1 0.002
eGFR, mL/min/1.73m2

Me [IQR] 79 (65-100) 71 (64-79) 98 (73-110) <0.001 67.5 (54.5-79) 88 (76.5-106) <0.001

Uric acid, mg/dL,
Me [IQR] 5 (4.3-5.7) 5.6 (4.5-6.9) 4.9 (4.3-5.2) 0.01 5.2 (4.4-5.8) 5.0 (4.3-5.6) 0.27

Complete Blood Count
Platelets, ×109/L
Me [IQR] 255 (228-308) 255 (232-296) 242 (221-343) 0.96 255 (227-293) 242 (228-342) 0.67

WBC, ×109/L  (M±SD) 6.4±1.40 6.3±1.52 6.5±1.32 0.6 6.4±1.52 6.4±1.32 0.9
RBC, ×1012/L (M±SD) 4.83±0.55 4.78±0.58 4.87±0.52 0.5 4.7±0.56 4.95±0.52 0.059
ESR, mm/60min
Me [IQR] 3 (2-15) 2 (2-18) 3 (2-11) 0.8 4 (2-23) 3 (2-11) 0.014

Table 1 (continued).
Baseline clinical characteristics of the study patients.
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(6.4±1.36 vs. 5.66±1.35 mmol/L, P=0.027;  98.5±18.6 vs. 
84.38±21.8 µmol/L, P=0.007) and 12 months  (6.44±1.3 
vs. 5,6±1,37 mmol/L, P=0.013; 98.97±21.1 vs. 83.14±19.1 
µmol/L; P=0.002). eGFR was significantly lower in patients 
with recurrence at 3 months  (71 (64-79) vs. 98 (73-110) mL/
min/1.73m2, P<0.001). This difference remained significant at 
12 months (P<0.001). Serum uric acid levels were elevated 
only in the recurrence group at 3 months (5.6 (4.5-6.9) vs. 4.9 
(4.3-5.2) mg/dL; P=0.01). Lipid profile parameters did not 
differ significantly between groups.

Thyroid hormones showed notable variation: free 
T4 levels were higher in the recurrence group at 3 months 
(18.9±2.9 vs. 16.9±2.17 pmol/mL; P=0.002) and 12 months 
(18.7±3,1 vs. 17±1,95 pmol/mL; P=0.008). Complete blood 
count parameters were comparable between groups. However, 
at 12 months, the recurrence group showed a trend toward 
a lower erythrocyte count (4.7±0.56 vs. 4.95±0.52×1012/L; 
P=0.059) and a significantly higher ESR (4 (2-23) vs. 3 (2-11) 
mm/60min; P=0.014).

Overall, analysis of the blanking period and the subsequent 
12-month follow-up after RFA identified several clinical, 
echocardiographic, and biochemical variables associated with 
AF recurrence. Notably, higher CHA₂DS₂-VASc and HAS-
BLED scores, presence of DM, left atrial enlargement and 
remodeling, and elevated left ventricular mass index were 
found to be important recurrence predictors.

Among biochemical markers, elevated CRP levels at the 
end of the ER period, increased free T4, and renal dysfunction 
parameters were significantly associated with recurrence. 
Additionally, elevated serum uric acid levels were associated 
with the end of the ER period. At 12 months, recurrence was 
more frequent among older and female patients, and those 
with longer AF duration, higher TSH levels, and elevated ESR 
values.

Logistic regression analysis was performed to identify 
independent predictors of AF recurrence after RFA. While 
several factors showed significance in univariate analysis, 
multivariate logistic regression revealed that DM and CRP 
level at the end of the blanking period remained the only 
independent predictors of ER. The obtained logistic regression 
model was found to be statistically significant (P<0.001). 
The Nagelkerke pseudo-R² value was 0.81, indicating that 
the model has a strong explanatory power for the outcome 
variable. According to the regression coefficient analysis, the 
presence of DM and elevated CRP levels during the blanking 
period were identified as factors directly associated with 
an increased likelihood of AF recurrence. Specifically, the 
presence of DM increased the odds of recurrence by 26-fold 
(95% CI: 1.93–351.8), while each 1mg/L rise in CRP level 
increased the risk of recurrence by 3.58 times (95% CI: 2.1–
6.1) (Figure 1a). The model demonstrated strong predictive 
performance: sensitivity - 96.7%, specificity - 89.2%, and 
overall accuracy - 92.5%.

For late recurrence, CRP, AF duration, LAVI, and ESR 
were identified as independent predictors of the outcome.  The 
obtained logistic regression model was found to be statistically 
significant (P<0.001), with a Nagelkerke pseudo-R² value of 
0.71. 

•	 Each 1 mg/L rise in CRP level increased the recurrence 
risk by 2.14 times (95% CI: 1.4–3.2; P<0.01)

•	 Each additional year of AF duration increased the 
recurrence risk by 1.26 times (95% CI: 1.05–1.52; 
P<0.05)

•	 Each 1 mL rise in LAVI increased the recurrence risk 
by 1.18 times (95% CI: 1.04–1.35; P<0.05)

•	 Each 1 mm/h rise in ESR increased the recurrence 
risk by 1.10 times (95% CI: 1.01–1.20; P<0.05) 
(Figure 1b).

The model demonstrated strong predictive performance: 
sensitivity – 84.4%, specificity – 80.0%, and overall accuracy 
– 82.1%.

The area under the ROC curve (AUC) reflecting the 
relationship between 3-month AF recurrence and CRP level 
was 0.93, indicating excellent discriminative ability. The 
obtained model was statistically significant (P=0.000). The 
cutoff value for CRP was 1.95mg/L; thus, patients with CRP 
≥1.95mg/L were predicted to have a high risk of recurrence. 
At this threshold, the sensitivity and specificity were 90% 
and 85.7%, respectively (Figure 2A). When ROC analysis 
was performed for CRP and DM combined, the AUC reached 
0.957, demonstrating a very high discriminative capacity. 
The sensitivity was 96.7%, and the specificity was 90.9%, 
confirming the high accuracy and reliability of the prognostic 
model (P<0.001) (Figure 2b).

In the ROC analysis of 12-month recurrence predictors, 
the model demonstrated strong statistical significance 
(P=0.000), with an AUC of 0.83. Although ER was not 

Fig. 1. Logistic regression analysis: (a) ER and (b) LR.

Fig. 2. ROC analysis of 3-month recurrence predictors: 
(a) CRP and (b) CRP+DM.

                      (a)                                                  (b)

                           (a)                                              (b)
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identified as an independent predictor in the logistic regression 
model, the ROC analysis demonstrated the predictive relevance 
of CRP, AF duration, LAVI, ESR, and ER rate, with sensitivity 
exceeding 75% and specificity above 80% (Figure 3).

Discussion
The findings of this study provide important insights 

into the clinical and biochemical factors associated with AF 
recurrences during both the early post–RFA blanking period 
and the subsequent 12-month follow-up. Recurrences were 
observed in nearly half of the patients within the early and late 
phases, underscoring the clinical relevance of recurrence. The 
study identified DM and elevated CRP levels as independent 
predictors of AF recurrence after RFA. Previous research 
has consistently shown DM to be an independent risk factor 
for AF development.8,9 Chronic hyperglycemia leads to 
oxidative stress, accumulation of advanced glycation end-
products, myocardial fibrosis, and remodeling of ion channels 
and gap junctions in the atrial myocardium. These changes 
reduce conduction velocity, impair homogeneity of impulse 
propagation, and prolong the action potential duration, 
thereby creating a substrate conducive to AF initiation and 
maintenance.10 High CRP levels were also identified as a 
strong predictor, consistent with prior studies.11 Elevated CRP 
reflects ongoing myocardial inflammation and fibrotic activity, 
which promote post-ablation electrical remodeling. In ROC 
analysis, CRP showed an AUC of 0.93 (95% CI: 0.85–0.99), 
indicating excellent discriminatory power. The cutoff value 
of 1.95 mg/L was identified as an optimal threshold; patients 
with CRP ≥1.95 mg/L were at a significantly higher risk of 
recurrence. Additionally, ESR also indicates the inflammation 
process and is identified as an LR predictor in our study. 
Among echocardiographic parameters, increased LA size and 
LAVI were also significantly associated with recurrence, in 
line with previous literature.7 LA enlargement is recognized 
as a key marker of both electrical and mechanical remodeling. 
Increased LVMI and impaired renal function were noted, 
suggesting a multifactorial mechanism of recurrence.12 

During a 12-month follow-up, female sex and older age were 
associated with a higher recurrence risk, partially consistent 
with prior studies.13,14 Although some discrepancies exist as 
population, genetic, or structural differences.15

Conclusion
Analysis of the blanking period and 12-month follow-

up after RFA revealed several clinical, echocardiographic, 
and biochemical parameters associated with AF recurrence. 
Specifically, higher CHA₂DS₂-VASc and HAS-BLED scores, 
the presence of DM, LA remodeling, increased LV mass, as 
well as elevated CRP, free T₄, and markers of renal dysfunction, 
were found to be significantly correlated with recurrence. 
According to multivariate logistic regression analysis, DM 
and CRP levels at the end of the blanking period remained 
independent predictors of recurrence. 

Although several factors influenced LR, only LA 
enlargement, longer AF history, and elevated levels of CRP, 
ESR, and ER rate were identified as independent predictors 
of LR. These findings indicate that the above factors serve as 
reliable prognostic markers of AF recurrence after RFA and 
should be considered in clinical practice for patient follow-
up and management. Combined clinical and biochemical 
evaluation may enhance individualized risk stratification and 
post-ablation management.
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Abstract
Background: Prediabetes (PD), an intermediate stage between normoglycemia and diabetes mellitus (DM), is characterized by 
elevated blood glucose levels, but not enough to be to be diagnosed as DM. Some studies show that men with hypogonadism are 
at an increased risk for insulin resistance (IR) and PD. This study aimed to evaluate the variation of testosterone levels in adult 
Saudi men with normal weight (NW) and PD (NW-PD) and men with overweight (OW) and PD (OW-PD). 
Methods and Results: This case-control study comprised 391 adult Saudi males (age range: 35-40 years). The subjects in the 
current study had a body mass index (BMI) of 18.5-29.9 kg/m². The adult subjects were categorized into four groups: 1) NW 
control (NW-C), 2) OW control (OW-C), 3) men with NW and PD (NW-PD), and 4) men with OW and PD (OW-PD).  The serum 
testosterone level was determined using ELISA kits. Testosterone levels in the OW-PD group were significantly lower than those 
in the NW-PD group (P=0.03). BMI plotted against serum testosterone for the OW-PD group showed a significant negative linear 
correlation between BMI and testosterone (R²=0.05, P=0.03).
Conclusion: The present study provides helpful information about the overweight status in association with decreased serum 
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Introduction
Diabetes mellitus (DM)and prediabetes (PD) are 

global health challenges.1,2 Prediabetes (PD), an intermediate 
stage between normoglycemia and diabetes mellitus (DM), 
is characterized by elevated blood glucose levels, but not 
enough to be to be diagnosed as DM.3-5 The main factors 
that characterize PD are impaired fasting glucose (IFG) and 
impaired glucose tolerance (IGT).6,7

Lifestyle modifications, particularly effective diet, 
exercise, and other weight management programs, are key 
factors in preventing PD and type 2 diabetes (T2D).8-13 

According to recent studies, the rate of progression from 

PD to T2D is about 25% in 3–5 years, and it is estimated 
that 70% of individuals with PD will develop T2D in their 
lifetime.3,14-19 

Prediabetes was initially recommended and defined 
by the ADA in 1997 as a fasting blood glucose (FBG) level 
of 110-125 mg/dL or IFG.20 The World Health Organization 
adopted this criterion. In 2003, the ADA lowered the FBG 
threshold to 100–125 mg/dL;21 however, the WHO did not 
adopt this lower cutoff and maintained its 110–125 mg/dL 
standard. The diagnosis of PD also includes IGT, which is 
based on a 2-hour oral glucose tolerance test (OGTT), with 
a 2-hour plasma glucose level of 140–199 mg/dL being the 
diagnostic range for IGT.22
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Prediabetes is included in the International Classification 
of Diseases, Tenth Revision.23 Prediabetes is associated with 
insulin resistance (IR), obesity, fatty liver disease, metabolic 
syndrome (MetS), T2D, cardiovascular complications, and all-
cause mortality.24-29 Early intervention by dietary and lifestyle 
changes helps prevent it and its progression to other diseases, 
especially T2D.30

Among the main factors influencing the progression of 
PD to T2D, along with genetic factors, diet, lifestyle, obesity, 
and IR, one can also highlight the low level of testosterone 
in the blood serum in men.30-33 Various reports document 
decreased testosterone levels in men with obesity, PD, and 
T2D, and the effectiveness of testosterone intervention for 
preventing PD and T2D.34-43 A study by Souteiro et al.44 
showed that IR, and not hyperglycemia and weight per se, 
seems to be the main determinant of low testosterone levels 
in obese males. Harrington et al.45 showed a 39% increase in 
HOMA-IR after one year of androgen deprivation therapy. 

Serum testosterone levels may vary across populations 
with different lifestyles/behaviors, and the role of testosterone 
in long-term outcomes and causation remains complex.

In this study, we evaluated the variation of testosterone 
levels in adult Saudi men with normal weight (NW) and PD 
(NW-PD) and men with overweight (OW) and PD (OW-PD), 
and investigated the correlation between body mass index 
(BMI) and serum testosterone in men with PD.

Materials and Methods
This case-control study comprised 391 adult Saudi 

males (age range: 35-40 years) and was conducted at Umm 
Al-Qura University (UQU) and UQU-related hospitals in 
Makkah, Kingdom of Saudi Arabia (KSA), from January 20, 
2024, to January 20, 2025. The adult subjects were categorized 
into four groups: 1) NW control (NW-C, n=99), 2) OW control 
(OW-C, n=98), 3) men with NW and PD (NW-PD, n=99), and 
4) men with OW and PD (OW-PD, n=95) 

All groups of the subjects comprising NW-C, OW-C, NW-
PD, and OW-PD were age-matched. None of the patients had 
T2D, anemia, cardiovascular disorders, or other complicated 
conditions. Only the subjects with normal hemoglobin levels 
were included in the current study. The subjects in the present 
study included only non-smokers with no reproductive/
endocrine complications. It was confirmed by estimating 
sex hormone-binding globulin (SHBG) that they have no 
hypogonadism-related symptoms. The subjects in the current 
study had a BMI of 18.5-29.9 kg/m². Sample size was evaluated 
at the start of the study. The BMI ranges for the NW-C, OW-C, 
NW-PD, and OW-PD groups were 18.5-24.9 kg/m², 25.0-29.9 
kg/m², 18.5-24.9 kg/m², and 25.0-29.9 kg/m², respectively.

A questionnaire was prepared to measure general 
features and the history of the male subjects. Fasting 
was defined as ≥10 hours since the last meal. The PD was 
defined based on the FBG levels in the range of 110-125 
mg/dL. Hemoglobin (Hb) levels were determined using the 
Sysmex XN-100i hematology analyzer (Sysmex Europe SE, 
Norderstedt, Germany). The serum SHBG and testosterone 
levels were determined using ELISA kits. 

Statistical analysis was performed using the statistical 
software package SPSS version 24.0 (IBM Corp., Armonk, NY).  
For the descriptive analysis, results are presented as mean (M) 
± standard deviation (SD). For data with a normal distribution, 
inter-group comparisons were performed using Student’s t-test. 
Multiple comparisons were performed with one-way ANOVA. 
The coefficient of determination R2 was estimated to measure 
the strength of the linear relationship. The probability value of 
P≤0.05 was considered statistically significant.

Results
Table 1 presents characteristic variables in NW and 

OW men with PD. Age of the subject groups varied non-
significantly. Variation in BMI was significant for NW-C 
vs. OW-C (P<0.0001) and NW-PD vs OW-PD (P<0.0001). 

Table 1.   
Characteristic variables in NW and OW men with prediabetes.

Variables
Normal weight and overweight men with prediabetes

NW-C vs. OW-C NW-C vs. NW-PD OW-C vs. OW-PD NW-PD vs OW-PD
NW-C OW-C P-value NW-C NW-PD P-value OW-C OW-PD P-value NW-PD OW-PD P-value

Number 
of subjects (n) 99 98 - 99 99 - 98 95 - 99 95 -

Age 
(years)

37.56
± 1.74

37.78
±1.66 0.37 37.56

±1.74
37.68
±1.68 0.62 37.78

±1.66
37.93
±1.65 0.53 37.68

±1.68
37.93
±1.65 0.30

BMI (kg/m2) 21.76
±2.04

27.47
±1.51 <0.0001 21.76

±2.04
21.78
±2.01 0.96 27.47

±1.51
27.39
±1.48 0.71 21.78

±2.01 
27.39
±1.48 <0.0001

Hb 
(g/dL)

13.76
±1.02

13.78
±1.22 0.89 13.76

±1.02
13.82
±1.21 0.73 13.78

±1.22
13.70
±1.32 0.63 13.82

±1.21
13.70
±1.32 0.51

TES 
(ng/dl)

454.06
±150.41 

418.80
±123.51 0.07 454.06

±150.41
451.96

±149.21 0.92 418.80
±123.51

412.34
±104.05 0.70 451.96

±149.21
412.34

±104.05 0.03 

An unpaired two–sample t–test was employed for obtaining a two-tailed P-value.
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Testosterone levels in the OW-PD group were significantly 
lower than those in the NW-PD group (P=0.03). 

Other comparisons (NW-C vs. OW-C, NW-C vs. NW-
PD and OW-C vs. OW-PD) did not show significant variation 
of testosterone levels (Table 1).

BMI plotted against serum testosterone for the OW-
PD group presented a significant negative linear correlation 
of BMI with testosterone (R2= 0.05, P=0.03, Fig.1). Other 
groups did not show a significant correlation between BMI 
and testosterone.

A one-way analysis of variance (ANOVA) revealed 
no statistically significant differences in age or hemoglobin 
levels between the NW-C, OW-C, NW-PD, and OW-PD 
groups. In contrast, BMI showed highly significant differences 
between groups (P=0.0001). Testosterone levels also differed 
significantly between groups (P=0.05) (Table 2).

The subjects’ ages were found to be highly significantly 
correlated with BMI, with a positive linear association 

across all groups (P=0.0001) (Table 3). Age did not correlate 
significantly with hemoglobin or testosterone in any group. 
The BMI negative correlated significantly with testosterone 
in OW-PD (P=0.03) (Table 4). However, the other groups 
(NW-C, OW-C, NW-PD) did not present a significant 
correlation with testosterone. The BMI did not show a 
significant correlation with hemoglobin in all groups. 

Discussion
The overweight status and obesity are considered 

important risk factors that may increase insulin resistance, 
causing prediabetes and T2D. An OW-PD progression to 
T2D was investigated in a study by Duan et al.30 A combined 
effect of hyperglycemia and OW status on the development 
of T2D has been shown. A meta-analysis by Jiang et al.31 

examined the impact of sedentary behavior accompanying 
overweight and obesity, which increases the prevalence of 
T2D originating from prediabetes, and the significance of 

Fig.1. Association of BMI with serum testosterone in overweight 
men with prediabetes.

Variables
Normal weight and overweight men

with prediabetes Significance level

NW-C OW-C NW-PD OW-PD F-value P-value

Number of
subjects (n) 99 98 99 95 - -

Age (years) 37.56
±1.74

37.78
±1.66

37.68
±1.68

37.93
±1.65 0.84 0.47

BMI (kg/m2) 21.76
±2.04

27.47
±1.51

21.78
±2.01

27.39
±1.48 329.56 <0.0001

HB (g/dL) 13.76
±1.02

13.78
±1.22

13.82
±1.21

13.70
±1.32 0.17 0.92

TES (ng/dl)
454.06

±150.41
418.80

±123.51
451.96

±149.21
412.34

±104.05 2.61 0.05

The P-values were obtained using one way ANOVA.

Table 2. 
Analysis of variance for variables in NW and OW men with 
prediabetes.

Variables
Association of age with the other parameters

R2 & 
P-value NW-C OW-C NW-PD OW-PD

BMI (kg/m2) R2 0.30 0.22 0.28 0.14

P-value 0.00 0.00 0.00 0.00

Hb (g/dL) R2 0.00 0.01 0.00 0.00

P-value 0.55 0.47 0.65 0.75

TES (ng/dL) R2 0.02 0.01 0.02 0.01

P-value 0.23 0.37 0.20 0.25

Table 3.
Association of age with the other parameters in NW and OW men 
with prediabetes.

Table 4.
Association of BMI with the other parameters in NW and OW men 
with prediabetes.

Variables
Association of BMI with the other parameters

R2 & 
P-value NW-C OW-C NW-PD OW-PD

Age (years)
R2 0.30 0.22 0.28 0.14

P-value 0.00 .0.00 0.00 0.00

HB (g/dL) R2 0.01 0.01 0.00 0.01

P-value 0.43 0.42 0.99 0.44

TES (ng/dL) R2 0.00 0.02 0.00 0.05

P-value 0.61 0.13 0.63 0.03
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lifestyle intervention on glucose regulation in prediabetes or 
impaired glucose tolerance.

 In a population-based cohort study by de Ritter et al.,46 
both men and women with T2D had greater fat and lean body 
mass, as well as greater hip circumference, than healthy 
participants. However, the role of lean body mass in the 
development of hyperglycemic states is not fully understood. 
In a study by Yeung et al.,47 women with low lean body mass 
had a higher risk of diabetes, whereas men with T2D showed 
a more pronounced increase in visceral adipose tissue than 
women. 

Some of the reports reached the same conclusion for the 
role of testosterone in OW-PD men as inferred in the present 
investigation. The overweight or obese men frequently have 
low levels of serum testosterone and reveal an increased 
risk for T2D.48 Obesity has a greater effect on the levels 
of testosterone than the levels of testosterone have on the 
status of obesity.49 Overweight and obese men are advised 
to make lifestyle changes, including exercise programs and 
weight loss measures, to elevate testosterone levels.50 Lopez 
et al.51 showed that men with co-occurrence of testosterone 
deficiency and abdominal obesity have a higher risk of 
mortality.

A series of studies have found that insulin resistance, 
rather than hyperglycemia and weight per se, appears to be the 
main factor leading to low testosterone levels in obese men, 
although some reports do not fully support this.48-51

In our study, testosterone levels in PD men with obesity 
resembled the results obtained in several studies.33,38,39,52 

Low serum testosterone levels in men are associated 
with the development of insulin resistance.33 Low serum 
testosterone is a novel and modifiable biomarker/risk factor 
for prediabetes.38,39 

The decrease in testosterone levels in adolescents and 
adult men, investigated during the last two decades, indicates 
the possibility of the development of various complications, 
including prediabetes and T2D. Sex steroids, especially 
testosterone and estradiol, are involved in the metabolic 
processes, and the resulting complications may lead to 
metabolic disorders.34,37 Patients with T2D and prediabetes 
had lower free testosterone levels than those with standard 
glucose tolerance. At the same time, a study by Ho et al.53 

concluded that prediabetes is associated with an increased 
risk of testosterone deficiency, independent of obesity and 
MetS. 

Many studies have shown a higher risk of T2D in 
men with low serum testosterone levels, which indicates 
the importance of testosterone in the development of 
T2D.52,54-57 Serum testosterone levels had opposite effects 
on impaired fasting glucose and T2D in males and females, 
as reported by Liu et al.58 With higher serum testosterone 
levels, dysglycemia progression decreased among males and 
increased among females. 

Several studies provide excellent evidence for the 
involvement of serum testosterone levels in overweight 
status/obesity41,49,50 and prediabetes.33,38,39,52 The current study 
demonstrated a significant negative linear correlation between 
BMI and testosterone in PD patients with overweight. And in 

a study by Smith et al.,40 BMI/obesity and type 2 diabetes were 
both significantly and independently associated negatively 
with testosterone. In sum, low levels of testosterone are 
found commonly in men with obesity, prediabetes, and type 
2 diabetes. 

Many experimental/interventional studies provide 
evidence for the present investigations. Long-term therapy 
with testosterone prevents progression from prediabetes 
to diabetes.43 It is known that testosterone administration 
increases skeletal muscle mass and decreases fat mass, leading 
to beneficial metabolic effects, but testosterone treatment has 
inconsistent effects on glycemic measures.41 

The testosterone therapy has been employed in men 
with T2D and PD, which improved the testosterone levels 
mainly through weight loss and physical activities.59,60 
Although the declining levels of testosterone in men are a 
strong prediction of the occurrence of T2D in the future, 
further studies are required to establish the duration of 
testosterone benefit and long-term safety measures for 
testosterone treatment.

The influence of hyperglycemia on testosterone 
levels provides interesting results. It has been found that a 
glucose load or a mixed meal transiently lowers testosterone 
for 1-2 hours, independent of changes in luteinizing 
hormone or prolactin, in healthy, non-diabetic men without 
hypogonadism.61 Since serum testosterone exhibits a 
diurnal rhythm, with peak levels in the morning,62,63 levels 
are checked in the morning after fasting.64 Although it has 
been recommended that the subject sample be collected in 
a fasting state,64 this recommendation is controversial. The 
most significant factor in accurate measurement remains 
the timing of the blood draw, given the hormone’s diurnal 
rhythm. Some studies did not estimate sex hormone-binding 
globulin, others used less reliable methods to measure 
testosterone, some used mixed population data, and some 
had small sample sizes of men.65-67 Further studies with a 
multidisciplinary approach are needed that may clarify the 
precise role of testosterone in overweight, prediabetes, and 
OW-PD subjects.

Conclusion
The present study provides helpful information 

about the overweight status in association with decreased 
serum testosterone in men with prediabetes. Hopefully, the 
current information will serve as a potential approach for 
understanding the progression of prediabetes to diabetes in 
future studies for clinical, pathophysiological, and therapeutic 
purposes.
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Abstract
Background: Dyslipidemia is a key modifiable risk factor for atherosclerotic cardiovascular disease that often remains 
undiagnosed in young adults due to its asymptomatic nature. Early detection and management are crucial to preventing long-term 
complications. This study aimed to determine the prevalence and patterns of dyslipidemia among young adults and examine its 
association with age and gender.
Materials and Methods: A cross-sectional analysis was conducted among 1,436 individuals (742 females and 694 males). Lipid 
profiles were assessed using established clinical thresholds, and gender differences were analyzed with the chi-square test.
Results: Dyslipidemia was present in 69.8% of participants, with the most common abnormalities being high total cholesterol 
(41.2%), low HDL-C (36.4%), and high LDL-C (34.5%). Low HDL-C was more frequent in females, while males exhibited 
higher triglycerides and mixed dyslipidemia. Prevalence increased with age, from 53.8% in those aged 20–24 years to 76.6% in 
the group 36–40 years.
Conclusion: Dyslipidemia is highly prevalent among young adults, with gender-specific and age-related variations. These 
findings emphasize the importance of early screening, lifestyle modification, and public health interventions to mitigate future 
cardiovascular disease risk.(International Journal of Biomedicine. 2025;15(4):668-673.)
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Introduction
Globally, cardiovascular diseases (CVDs) remain 

the leading cause of mortality and disability among non-

communicable diseases (NCDs), accounting for approximately 
12 million deaths annually and 40–45% of all global deaths. 
1–3 Despite global preventive efforts, CVDs continue to be 
the major cause of death in many countries. Atherosclerosis, 
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thrombosis, coronary heart disease, and ischemic stroke are 
major complications associated with dyslipidemia, which 
plays a critical role in the CVD pathogenesis.4 According 
to a study by Saeed et al.,5 each unit increase in total blood 
cholesterol triples the risk of CVDs in both men and women.
Dyslipidemia, defined by elevated total cholesterol (TC), low-
density lipoprotein cholesterol (LDL-C), triglycerides (TG), 
and reduced high-density lipoprotein cholesterol (HDL-C), is 
a significant, independent, and modifiable risk factor for CVD, 
metabolic syndrome, and type 2 diabetes mellitus (T2DM).6–9 
Even minor lipid abnormalities markedly increase coronary 
artery disease (CAD) risk, particularly when combined with 
other factors like T2DM.10 In Oman, the National Cholesterol 
Education Program Adult Treatment Panel III (ATP III) 
reported an age-adjusted metabolic syndrome prevalence of 
21.0%, higher among women (23.0%) than men (19.5%). 
Low HDL-C (75.4%) and abdominal obesity (24.6%) were 
the most common components, the latter being significantly 
more frequent in women.11

Lipids are vital for energy storage, hormone synthesis, 
vitamin absorption, and cell membrane formation. However, 
their accumulation in the arteries can cause vascular obstruction 
and organ dysfunction.12 Among young adults, premature 
CAD is closely linked to dyslipidemia, hypertension, and 
smoking.13 A study at Sultan Qaboos University Hospital 
(SQUH), Muscat, found a high prevalence of dyslipidemia 
among young Omanis.14 Similarly, studies in younger Middle 
Eastern patients with acute coronary syndrome (ACS) reveal 
higher rates of modifiable risk factors, notably smoking and 
hypercholesterolemia, than in older groups.15

Given its asymptomatic nature and early contribution 
to atherosclerosis, early detection and management of 
dyslipidemia are critical to reducing future cardiovascular 
burden. 

This study aimed to determine the prevalence and 
patterns of dyslipidemia among young adults and examine its 
association with age and gender.

Material and Methods
A retrospective cross-sectional observational study was 

conducted by reviewing the medical records of individuals 
who were treated at Sohar Hospital, Oman, between January 
2024 and December 2024. 
Sample Size 

The minimum required sample size was calculated 
using Cochran’s formula for estimating a proportion in a 
population, assuming a 95% confidence level (Z=1.96), a 
5% margin of error (e=0.05), and a conservative estimated 
prevalence (P=0.5) to yield the maximum sample size. The 
initial calculated sample size was 385. However, the present 
study included 1436 individuals, which significantly exceeds 
the minimum requirement. This larger sample enhances 
precision, providing strong generalizability and statistical 
power to detect significant associations. 
Study Design 

One thousand four hundred thirty-six subjects were 
categorized into four age groups: 20-24 years, 25-30 years, 

31-35 years, and 36-40 years. This age-based categorization 
enabled the identification of age-specific trends in dyslipidemia 
prevalence and associated factors among young adults. The 
control group was also included and comprised of individuals 
without dyslipidemia, selected from the same hospital records 
using matching criteria such as age and sex.

A STEPwise approach was employed to ensure 
systematic data extraction, facilitate trend identification, and 
support the development of targeted public health strategies 
to address non-communicable diseases (NCDs) effectively.16

Step 1: Questionnaire-Based Assessment (Information 
from Case Files): Demographic information, including age 
and gender, was collected from patient case files.

Step 2: Biochemical Profile: Biochemical data were 
extracted to assess dyslipidemia prevalence. This included 
serum lipid profile values, such as TC, LDL-C, HDL-C, and TG.

Data from patient case files dated between January 
2024 and December 2024 were extracted from the electronic 
medical records system using a pre-designed Excel sheet to 
fulfill the study’s objectives. Dyslipidemia was defined using 
the National Cholesterol Education Program-Adult Treatment 
Panel III (NCEP-ATP III) criteria, based on the cut-off values 
outlined below.16 It was identified by the presence of at least 
one of six lipid abnormality patterns in the serum lipid profile. 
According to the NCEP-ATP III classification, dyslipidemia 
was categorized into six types—four isolated and two 
combined (or mixed) patterns as outlined below:

• Elevated TC (≥5.2 mmol/L) 
• Lowered HDL-C (<1.04 mmol/L in men and <1.3 

mmol/L in women) 
• Elevated TG (≥1.7 mmol/L)  
• Elevated LDL-C (≥3.4 mmol/L)
• Combined (mixed) dyslipidemia (high TG + low HDL-C)  
• Combined (mixed) dyslipidemia (high TG + high TC)

Inclusion and Exclusion Criteria
The study included adults of both genders aged 20–

40 years with complete records, including lipid profiles 
(TC, LDL-C, HDL-C, and TG). Exclusion criteria: patients 
younger than 20 or older than 40 years, incomplete records, 
pregnancy, CVDs, chronic kidney disease, liver disease, and 
lipid-lowering drug use.
Statistical Analysis 

Data were analyzed using descriptive statistics to 
determine prevalence rates and inferential statistics to explore 
associations between variables. The data was entered into 
Microsoft Excel and coded. The coded data were analysed in 
SPSS Version 21. The data were further categorized according 
to age group. Post-stratification, Chi-square and Student t-test 
were applied. P-value <0.05 was considered significant.

Results 
A total of 1436 patients were enrolled: 742 (51.7%) 

were females and 694 (48.3%) were males. The majority 
of participants were Omani nationals (90.5%), followed by 
Indians (5.8%) and Egyptians (1.0%). Other nationalities, 
including Bangladeshi, Filipino, Sudanese, Syrian, and Nepali, 
each accounted for less than 1% of the study population. 
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The age distribution of participants showed that 41.0% 
were between 36 and 40 years, 29.5% between 31 and 35 
years, 21.3% between 25 and 30 years, and 8.1% between 
20 and 24 years. The mean age was 33.12±5.27 years, with 
a range of 20–40 years (Table 1). In the study population, 
dyslipidemia was observed in 69.8% of participants, indicating 
a high overall burden, whereas 30.2% demonstrated a normal 
lipid profile (Table 2). Among the various dyslipidemia 
components, isolated high TC was the most prevalent 
abnormality, observed in 41.2% of participants, followed 
by isolated low HDL-C (36.4%) and isolated high LDL-C 
(34.5%). Isolated hypertriglyceridemia was present in 26.3% 
of subjects. Combined abnormalities were less common, with 
TG+TC present in 15.5% and TG+HDL-C in 14.4% of the 
population (Table 3). Gender-wise analysis showed that the 
overall prevalence of dyslipidemia was comparable between 
females (70.2%) and males (69.3%), with a P-value of 0.708 
(Table 4). However, significant differences were observed in 
specific components. Low HDL-C was more common among 
females (39.9% vs. 32.6%, P=0.004), whereas high TG was 
significantly more prevalent in males (33.9% vs. 19.3%, 
P=0.001). Combined abnormalities were also more frequent 
in males, with higher proportions of TG+HDL-C (17.4% vs. 
11.6%, P=0.002) and TG+TC (20.0% vs. 11.3%, P=0.001). 
No significant gender differences were found in the prevalence 
of high TC or high LDL-C. Age-wise distribution revealed 
a progressive increase in dyslipidemia prevalence with 
advancing age (Table 5). Overall, dyslipidemia was detected 
in 53.8% of participants aged 20–24 years, rising to 65.4% 
in those aged 25–30 years, 67.9% in those aged 31–35 years, 
and 76.6% in those aged 36–40 years (P=0.001). High TC 
and high LDL-C were significantly more common in older 
age groups (P=0.001 for both), while high TG also showed 
a significant upward trend with age (P=0.004). Combined 
abnormalities (TG+HDL-C and TG+TC) were more frequent 
in participants aged ≥31 years (P=0.017 and P=0.029, 
respectively). In contrast, the prevalence of low HDL-C did 
not differ significantly across age groups (P=0.201). 

Discussion 
This study found a high prevalence of dyslipidemia 

(69.8%) among young adults aged 20–40 years, slightly 
higher in females (70.2%) than males (69.3%). Similar gender 
trends have been reported elsewhere. Talpur et al.17 observed 
dyslipidemia in 75.9% of young adults, with a higher prevalence 
in females (76.0%) than males (74.2%). Studies from China 
and Iran also reported higher rates in women—37.6% vs. 
34.4% and 55.4% vs. 37.4%, respectively.18,19 Although our 
findings did not show a statistically significant difference, the 

Table 1.
Distribution of subjects according to different age groups.

Age group 
(years) Frequency Percentage

20-24 117 8.1
25-30 306 21.3
31-35 424 29.5
36-40 589 41.0
Total 1436 100.0

Dyslipidemia Frequency Percentage
Yes 1002 69.8
No 434 30.2

Total 1436 100.0

Table 2.
Overall prevalence of dyslipidemia.

Table 3.
Prevalence of dyslipidemia components.

Dyslipidemia components Frequency Percentage

Isolated high TC 591 41.2

Isolated low HDL-C 522 36.4

Isolated high LDL-C 495 34.5

Isolated high TG 378 26.3

Combined abnormal TG+HDL-C 207 14.4

Combined abnormal TG+TC 223 15.5

Table 4.
Prevalence of dyslipidemia according to gender.

Dyslipidemia components Female (n=742)
n (%)

Male (n=694)
n (%) P-value

High TC 298 (40.2) 293 (42.2) 0.429

Low HDL-C 296 (39.9) 226 (32.6) 0.004

High LDL-C 239 (32.2) 256 (36.9) 0.062

High TG 143 (19.3) 235 (33.9) 0.001

Abnormal TG+HDL-C 86 (11.6) 121 (17.4) 0.002

Abnormal TG+TC 84 (11.3) 139 (20.0) 0.001

Overall dyslipidemia 521 (70.2) 481 (69.3) 0.708

Table 5.
Prevalence of dyslipidemia according to age group.

Dyslipidemia
components

20-24
(n=117)
n (%)

25-30
(n=306)
n (%)

31-35 
(n=424)
n (%)

36-40 
(n=589)
n (%)

P-value

High TC 25 (21.4) 119 (38.9) 180 (42.5) 267 (45.3) 0.001

Low HDL-C 37 (31.6) 99 (32.4) 160 (37.7) 226 (38.4) 0.201

High LDL-C 21 (17.9) 97 (31.7) 156 (36.8) 221 (37.5) 0.001

High TG 17 (14.5) 77 (25.2) 106 (25.0) 178 (30.2) 0.004

Abnormal TG+HDL-C 8 (6.8) 35 (11.4) 68 (16.0) 96 (16.3) 0.017

Abnormal TG+TC 7 (6.0) 49 (16.0) 68 (16.0) 99 (16.8) 0.029

Overall dyslipidemia 63 (53.8) 200 (65.4) 288 (67.9) 451 (76.6) 0.001
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consistent pattern suggests possible hormonal, metabolic, or 
lifestyle influences.

Regional comparisons further support these findings. A 
Middle Eastern meta-analysis reported pooled prevalence rates 
of 54.08% for dyslipidemia, 32.51% for hypertriglyceridemia, 
29.44% for hypercholesterolemia, 32.09% for high LDL-C, 
and 44.71% for low HDL-C.20 These values align with our 
results showing elevated TC (40–42%), LDL (32–37%), TG 
(19–34%),  and low HDL-C (33–40%). Similar patterns were 
observed by Talpur et al.,17 who reported high rates of low 
HDL-C and hypertriglyceridemia among young adults. The 
high burden of combined lipid abnormalities (TG+HDL, 
TG+TC) in our cohort also reflects regional trends.

Low HDL-C was significantly more frequent among 
females (39.9%, P=0.004). Although estrogen generally raises 
HDL and provides cardiovascular protection, this effect can 
be offset by poor lifestyle factors. Diets high in saturated fats 
and sugars, physical inactivity, central obesity, and stress-
induced cortisol elevation may suppress HDL-C production 
while increasing LDL-C and triglycerides.21 These findings 
emphasize the interplay between metabolic and behavioral 
determinants of dyslipidemia, particularly among women.

Dyslipidemia remains a major pathogenic factor for 
atherosclerotic CVDs.22 Evidence from China indicates that 
proper lipid management substantially reduces ischemic CVD 
incidence and mortality.23 However, its asymptomatic nature 
often delays diagnosis, highlighting the need for routine 
screening and preventive interventions.24

Although dyslipidemia prevalence rises with age, its 
presence in younger adults is clinically significant.25 The 
Bogalusa Heart Study demonstrated that early elevations 
in LDL-C and triglycerides are linked to premature 
atherosclerosis,26 suggesting that lipid abnormalities during 
early adulthood contribute to later cardiovascular events.

In the Arabian Gulf, high rates of diabetes and metabolic 
syndrome among ACS patients reflect a pattern of atherogenic 
dyslipidemia characterized by elevated TG, low HDL-C, and 
small dense LDL particles.27,28 Even with optimal LDL-C 
control, these patients face substantial residual cardiovascular 
risk.29,30 A study by Al-Rasadi et al.,31 found that 62% of ACS 
patients had low HDL-C—the highest reported in regional 
cohorts. Additionally, familial hypercholesterolemia, a 
common but underdiagnosed genetic condition, contributes 
to persistently high LDL-C and increased risk of premature 
coronary artery disease.32,33

Overall, the study highlights a major public health 
concern in Oman, revealing a high prevalence of dyslipidemia 
among young adults aged 20–40 years. Of the 1,436 
participants, 69.8% had at least one lipid abnormality. 
Dyslipidemia increased with age, from 53.8% in the 20–24 
age group to 76.6% among those aged 36–40, suggesting 
early onset and progressive worsening. Gender variations 
were observed, with women showing lower HDL-C and men 
exhibiting higher TG and mixed dyslipidemia. 

These findings underscore the need for early lipid 
screening, preventive lifestyle modifications, and targeted 
public health strategies to mitigate future cardiovascular 
disease risk among young adults.

The study’s retrospective cross-sectional nature 
limits the ability to establish causal relationships between 
dyslipidemia and demographic or lifestyle factors. It only 
reflects associations at a single point in time. Additionally, 
all data were obtained from a single healthcare facility, which 
may not fully represent the broader young adult population in 
Oman or in other regions with different socioeconomic and 
lifestyle backgrounds.
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Abstract 
Background: One of the most common issues that adult females face is abnormal uterine bleeding (AUB). The preferred 
sampling method for identifying endometrial pathology is still uterine curettage or biopsy. Hormonal imbalance patterns, atrophic 
endometrium, endometritis, endometrial polyps, endometrial hyperplasia, and endometrial cancer are examples of common 
diseases. The purpose of this study was to identify the endometrial histological pattern in women of different ages who presented 
with AUB.
Methods and Results: In this retrospective study, the medical records of 309 women who had endometrial curettage for AUB 
were reviewed. Every endometrial curettage specimen received for histological examination between January 2025 and June 2025 
by the histopathology department of the Al Kharj Military Industries Corporation Hospital, in cooperation with the Department of 
Obstetrics and Gynecology, PSA Hospital, is included in the study. Endometrial biopsies were taken using a dilation and curettage 
(D&C) procedure. Following hematoxylin and eosin staining, a microscopic analysis was conducted.
The most common histopathological finding was proliferative endometrial disorders (34.95%), followed by endometrial polyps 
(32.36%). Endometrial hyperplasia without atypia was found in 91 cases (29.45%). Endometrial adenocarcinoma was the sole 
diagnosis in four cases (1.29%).
Conclusion: Abnormal uterine bleeding may be the only complaint presented by patients with endometrial lesions. Endometrial 
curettage and biopsy are reliable procedures for detecting endometrial pathology.(International Journal of Biomedicine. 
2025;15(4):674-678.)
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Introduction
The most prevalent gynecologic symptom and complaint 

among gynecological outpatients is abnormal uterine bleeding 
(AUB), which affects women of all ages. 1 It has a noticeable 
impact on quality of life and places a significant financial 
strain on women’s health care. Healthcare professionals 
routinely deal with this issue. There are several classifications 
and definitions for AUB. A loose definition of it would be a 
deviation from the typical menstrual cycle. Variations may 
occur in the amount of blood loss, regularity, frequency, or 
length of the flow. Excessive monthly blood loss that interferes 
with a woman’s physical, social, emotional, and/or material 
quality of life is sometimes referred to as “heavy” bleeding. 
Abnormal uterine bleeding can have a variety of reasons, 
including systemic, anatomical, and drug-related ones. 
Chronic endometritis, endometrial polyps, and endometrial 
hyperplasia are common reasons for AUB. Patients who 
have a malignant or premalignant endometrial lesion may 
present with AUB.2 Thyroid issues, submucosal fibroids, 
and coagulation abnormalities can all contribute to ovulatory 
AUB, or menorrhagia.3 Following examination and ruling out 
premalignant and malignant etiology, many of the treatment 
strategies are the same.4  Menstrual cycles may be regulated by 
treatment with progestins or combination oral contraceptives. 
Treatment options for histologic evidence of hyperplasia 
without atypia include continuous or cyclic progestin. 
Gynecologists or gynecologic oncologists should be consulted 
for women with hyperplasia with atypia or adenocarcinoma, 
respectively. The most reliable method for determining the 
causes of atypical uterine bleeding is still endometrial biopsy 
followed by histological analysis. Endometrial curettage is 
a simple and safe method for endometrial collection, and its 
histopathological analysis is regarded as the gold standard for 
diagnosing the cause of AUB. It also has a fair turnaround 
time and high diagnostic accuracy.5

The purpose of this study was to identify the endometrial 
histological pattern in women of different ages who presented 
with AUB.

Materials and Methods
The medical records of 309 women who underwent 

endometrial curettage for AUB were examined histo-
pathologically in this retrospective study. Endometrial biopsies 
were taken using a dilation and curettage (D&C) procedure. 
The study includes every endometrial curettage specimen that 
was received for histological analysis in the Al Kharj Military 
Industries Corporation Hospital’s histopathology department 
in collaboration with the Department of Obstetrics and 
Gynecology, PSA Hospital, between January 2025 and June 
2025.

A 10% formalin solution was used to fix the specimens. 
Sections were collected from each representative area of 
specimens. Hematoxylin and eosin staining was applied to 
the tissue fragments after they underwent standard processing. 
The histological results and clinical information were 
recorded. All women, regardless of age, who complained of 

AUB were included. The study excluded patients who met 
the following criteria: unsatisfactory samples, such as only 
fibrin and blood clots and no endometrial glands or stroma; 
AUB from gestational causes, such as tubal pregnancy, molar 
pregnancy, or abortion; hormone therapy during the previous 
six months; and cervical pathology, such as cervical cancer. 
The cause of AUB was confirmed by microscopic examination 
of the slides. SPSS software was used for statistical analysis.

Results
This study included 309 patients, ranging in age from 

34 to 81 years, with a mean age of 48.9±7.9 years. Among 
309 patients, 236 (76.38%) were married, 33 (10.68%) were 
widows, and 40 (12.94%) were divorced. The majority of 
patients (73.79%) had a parity of three to four.  173 patients 
(55.99%) experienced AUB for less than six months (Table 
1). The percentage of endometrial histological findings after 
uterine curettage in AUB patients is shown in Table 2.

Table 1.
Age, marital status, and obstetric history of the study population 
(n=309).

Parameter Category No. of
patients Percentage

Age 

<40
40-50
51-60
> 60

11
189
99
10

3.56%
61.16%
32.04%
3.24%

Duration of bleeding

<6 months
7-12 months
One-two years
> 2 years

173
65
39
32

55.99%
21.04%
12.62%
10.36%

Marital status
Married
Divorced 
Widow

236
40
33

76.38%
12.94%
10.68%

Parity
Nulliparous 
1-2 children 
3-4 children
≥ 5 children

7
48
228
26

2.27%
15.53%
73.79%
8.41%

Histopathological findings No. of
patients Percentage 

Disordered proliferative endometrium 108 34.95%

Endometrial hyperplasia without atypia 91 29.45%

Endometrial hyperplasia with focal atypia 4 1.29%

Acute endometritis 1 0.32%

Endometrial polyp 100 32.36%

Endometrial adenocarcinoma 4 1.29%

Endometrial serous adenocarcinoma 1 0.32%

Table 2.
Histopathological findings after endometrial curettage.
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In 108 (34.95%) patients, proliferative endometrial 
disorders were found. It displays proliferative endometrial 
glands sporadically scattered with cystically dilated glands 
(> 2 times normal size). More than 10% of all glands have 
been seen to be dilated, with dilated glands typically having 
irregular shapes (branched, convoluted, and scalloped exterior 
outlines). Furthermore, a relatively typical ratio of glands to 
stroma (glands occupying less than 50% of the surface area) is 
also displayed. No cytologic atypia is present (Figure 1).

In 100 patients, an endometrial polyp was discovered 
(32.36%). It was made up of varying numbers of glands 
and stroma and exhibits benign hyperplastic overgrowth of 
endometrial tissue that generates a localized projection into 
the uterine cavity. Cystically dilated glands and fibrovascular 
cores with thick-walled blood arteries are present in papillary 
proliferations (Figure 2). 

Ninety-one (29.45%) had endometrial hyperplasia 
without atypia. It demonstrates endometrial gland proliferation, 
which raises the ratio of glands to stroma. Although there 
is still stroma between glandular basement membranes, the 

architecture displays densely packed glands with a gland-to-
stroma ratio greater than 3:1. The background endometrium 
had the same cytologic characteristics as the packed glands. 
No cytologic atypia was present (Figure 3).

Endometrial adenocarcinoma was the sole diagnosis in 
four cases (1.29%). Confluent or back-to-back glands without 
an intermediate stroma are depicted in the architecture. 
Cribriform or microacinar layouts are available. There have 
been observations of intricate villoglandular, micropapillary, 
or papillary structures. Additionally, it exhibits cytoplasmic 
eosinophilia, lack of polarity, nuclear rounding (as opposed 
to elongation) with prominent nucleoli, and cellular or nuclear 
expansion (Figure 4).

There was only one instance of acute endometritis. 
It depicts the endometrial epithelium being infiltrated and 
destroyed by neutrophils. The gland lumen is being filled 
by neutrophils, whether or not microabscesses are forming 
(Figure 5).

Fig. 1. A) and B) Images of endometrium stained 
with H&E demonstrating disordered proliferative 
endometrium. Cystically dilated glands (> 2x normal 
size) randomly interspersed among proliferative 
endometrial glands are shown. Dilated glands usually 
have irregular shapes (branched, convoluted, and 
scalloped outer contours), which make up more than 
10% of the total number of glands. In addition, a 
relatively normal gland-to-stroma ratio (glands occupy 
< 50% of the surface area) is also shown. There is a lack 
of cytologic atypia. A) (X 200).  B) (X 400).

Fig. 2. A), B), and C) Images of endometrium 
stained with H&E demonstrating endometrial 
polyps. It shows benign hyperplastic overgrowth of 
endometrial tissue that forms a localized projection 
into the endometrial cavity and is composed of 
variable amounts of glands and stroma. There are 
papillary proliferations with fibrovascular cores 
with thick-walled blood vessels and cystically 
dilated glands. A) B) and C)  (X 400).

Fig. 3. A) and B) Images of endometrium stained with 
H&E demonstrating endometrial hyperplasia without 
atypia. It shows Proliferation of endometrial glands 
with a resulting increase in the gland-to-stroma 
ratio. The Architecture shows closely packed glands 
such that the gland-to-stroma ratio is > 3:1, but 
stroma is still present between glandular basement 
membranes. The cytologic features of the crowded 
glands must be identical to those of the background 
endometrium. There is a lack of cytologic atypia. A) 
(X 200).  B) (X 400).

Fig. 4. A), B), and C) Images of endometrium 
stained with H&E demonstrating endometrial 
adenocarcinoma. Architecture shows confluent 
or back-to-back glands lacking intervening 
stroma. There are cribriform or microacinar 
configurations. Complex papillary, micropapillary, 
or villoglandular structures have been seen. It also 
shows cellular or nuclear enlargement, nuclear 
rounding (rather than elongation) with prominent 
nucleoli, loss of polarity, and cytoplasmic 
eosinophilia. A) B) and C) (X 400).
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Discussion
Unusual uterine bleeding is a complex problem that 

affects women of all ages. A key component of diagnosis and 
treatment is the endometrium’s histopathological assessment. 
A total of 309 women with complaints of AUB were included 
in this study. About 61% of the cases in our study were in 
the 40–50 age range. In contrast, a previous study indicates 
that the age range of 35 to 39 years accounts for the greatest 
number of instances.6 Abnormal uterine bleeding is generally 
not life-threatening, and from the point of view of the patient, 
the primary burden of this symptom is its effect on quality of 
life. Studies on AUB do not consistently evaluate quality of 
life, and there is a lack of data on how bleeding affects quality 
of life indicators at the national population level. According 
to the population-level research that is currently available, 
women who have uterine bleeding use health services more 
frequently than women who do not.7 

An amplification of the typical proliferative phase 
without an apparent increase in the overall gland to stroma 
ratio is known as disordered proliferative endometrium.  
The majority of our cases, 108 (34.95%), had proliferative 
endometrial disorders. The results of other studies are 
consistent with this fact.8 In the endometrium, endometrial 
polyps are epithelial proliferations made up of connective, 
fibromuscular, vascular, and glandular tissue.9

Compared with other studies,10,11 the incidence of 
endometrial polyps in this study was significantly higher, 
reaching 32.36%. If the patient exhibits atypical uterine 
bleeding, it is crucial to obtain a history of her bleeding pattern 
to diagnose endometrial polyps. However, in contrast to other 
research, the frequency of endometrial cancer was lower in 
our study. The practice of early childbirth, multiparity, and 
early intervention may be the cause of the reduced incidence 
of endometrial cancer in this study. 

Women’s screening programs aimed at early detection 
of endometrial cancer precursors enable the development of 
preventive measures and timely treatment, thereby reducing 
mortality and morbidity from endometrial cancer.

Particularly for perimenopausal women who are at risk 
of developing cancer, the significance of endometrial biopsy 
or curettage performed to gather material for histological 
study, to aid in diagnosis and future care, cannot be 
overstated.12 Determining the diagnostic value of curettage 
in diagnostically disordered proliferative endometrium was 

a novel component of this research, and identifying a high 
diagnostic rate for endometrial cancer by curettage was an 
essential component.

Conclusions 
Abnormal uterine bleeding may be the only complaint 

presented by patients with endometrial lesions. A specific 
test that is reliable in identifying endometrial pathology is an 
endometrial biopsy. A detailed microscopic analysis of the 
tissue and a skilled endometrial sample are necessary for the 
final diagnosis.
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Abstract 
Background: Meckel’s diverticulum is one of the most common congenital anomalies of the gastrointestinal tract, which is often 
detected in children. This study aims to conduct a comparative analysis of the clinical manifestations of Meckel’s diverticulum 
complications across different pediatric age groups, based on surgical interventions performed at the Emergency Medical Care Center.
Methods and Results: During the period from 2017 to 2024, at the Republican Scientific Center of Emergency Medical Care 
(RSCEMC), in the Department of Pediatric Emergency Surgery, surgical treatment was provided to 132 children and adolescents 
aged from 4 months to 18 years with various forms of complicated and uncomplicated Meckel’s diverticulum. Taking into account 
the generally accepted pediatric age classification, the material was divided into three age groups: the infancy-to-toddler group 
(Group 1), from 4 months to 3 years – 39 (29.5%) children, mean age of 1.47±0.91 years; the early-to-middle childhood group 
(Group 2), 4–11 years – 64 (48.5%) patients, mean age of 8.6±2.29 years; the adolescence group (Group 3), 12–18 years – 29 
(22%) children, mean age of 14.93±1.72 years. The study involved a retrospective analysis of patients’ medical records, including 
clinical, instrumental, and laparoscopic methods.
The clinical manifestation of Meckel’s diverticulum varies. In some cases, it mimics acute appendicitis, in others, acute intestinal 
obstruction, which depends on the patient’s age and the time of admission from the onset of the disease. In children aged 0–3 
years with gastrointestinal bleeding, Meckel’s diverticulum is most often suspected. In children aged 0–3 years, when Meckel’s 
diverticulum is suspected, it is advisable to begin the intervention with laparotomy, which is associated with a high proportion 
of complicated forms (diverticulitis, necrosis, intussusception). In older children, the choice of surgical access is determined by 
the clinical picture and the preliminary diagnosis. In children aged 4-11 years, it is more often possible to perform less traumatic 
interventions; complicated forms are less common; however, the diverticulum is frequently removed simultaneously with the 
appendix due to a similar clinical presentation. In adolescents aged 12-18 years, laparoscopic and combined interventions 
predominate, characterized by lower invasiveness; complicated forms are recorded much less frequently. (International Journal 
of Biomedicine. 2025;15(4):679-684.)
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Introduction
Meckel’s diverticulum is a congenital anomaly of the 

vitelline duct of the ileum.1,2 First described in 1809 by the 

German anatomist J. Meckel, it resembles the vermiform 
appendix in shape. The prevalence of this pathology is about 
2–3% in the general population, and it is most frequently 
identified in children and adolescents.3 The diverticulum can 
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present in various forms, but most commonly appears as a 
protrusion of the ileal wall on the antimesenteric border, with 
a free communication to the intestinal lumen.1 The clinical 
presentation of Meckel’s diverticulum can vary widely, ranging 
from an asymptomatic course to serious complications such as 
gastrointestinal bleeding, intussusception, Meckelitis (intestinal 
inflammation), intestinal obstruction, or perforation.3-5 
Therefore, timely diagnosis and appropriate management are 
crucial in preventing complications of Meckel’s diverticulum.

This study aims to conduct a comparative analysis of the 
clinical manifestations of Meckel’s diverticulum complications 
across different pediatric age groups, based on surgical 
interventions performed at the Emergency Medical Care Center.

Materials and Methods
During the period from 2017 to 2024, at the Republican 

Scientific Center of Emergency Medical Care (RSCEMC), 
in the Department of Pediatric Emergency Surgery, surgical 
treatment was provided to 132 children and adolescents aged 
from 4 months to 18 years with various forms of complicated 
and uncomplicated Meckel’s diverticulum. Taking into account 
the generally accepted pediatric age classification, the material 
was divided into three age groups: the infancy-to-toddler group 
(Group 1), from 4 months to 3 years – 39 (29.5%) children, mean 
age of 1.47±0.91 years; the early-to-middle childhood group 
(Group 2), 4–11 years – 64 (48.5%) patients, mean age of 8.6±2.29 
years; the adolescence group (Group 3), 12–18 years – 29 (22%) 
children, mean age of 14.93±1.72 years. Among them, boys 
accounted for 99 (75%), which confirms the higher incidence of 
this pathology in males, whereas girls accounted for 33 (25%). 
The study involved a retrospective analysis of patients’ medical 
records, including clinical, instrumental, and laparoscopic 
methods, and statistical analysis using IBM SPSS Statistics 
23, with descriptive statistics applied. Baseline characteristics 
were summarized as frequencies and percentages for categorical 
variables. Group comparisons concerning categorical variables 
were performed using chi-square or Fisher’s exact tests. A 
P-value of < 0.05 was considered statistically significant.

Results
According to data from the Statistics Department of 

the RSCEMC, a total of 107,976 emergency and delayed 
surgeries were performed from 2017 to 2024, of which 16,095 
were performed in the Pediatric Surgery Department (Fig. 1).

From the analyzed surgical intervention data at the 
RSCEMC, surgeries performed due to complications of 
Meckel’s diverticulum accounted for 0.82% (Fig. 2).

In our series, the clinical presentation of Meckel’s 
diverticulum was nonspecific, and most often patients were 
admitted under the guise of other acute surgical diseases of the 
abdominal cavity, including symptoms of complications of an 
undiagnosed underlying condition (Table 1). 

Bleeding from Meckel’s diverticulum was found in 
38.5%, 20.3% and 10.3% of patients in Groups 1, 2, and 3, 
respectively. The assumption of bleeding from Meckel’s 
diverticulum was based on the following diagnostic signs: 
absence of a bleeding source in the large intestine during 
colonoscopy, absence of pathological changes in the stomach 
and duodenum on esophagogastroduodenoscopy, and presence 
of fresh blood in the terminal ileum during ileoscopy. In Group 
1, complications of Meckel’s diverticulum mainly manifested 
with symptoms of acute intestinal obstruction (33.3%) and 

Fig. 1. Number of surgeries at the RSCEMC in the 
Department of General Surgery and the Department 
of Pediatric Surgery for 2017–2024.

Fig. 2. Dynamics of surgeries for complications of 
Meckel’s diverticulum in children by year.

Table 1. 
Preoperative diagnosis in patients with Meckel’s diverticulum.

Preoperative diagnosis Group 1 
n=39

Group 2 
n=64

Group 3
 n=29

P-
value 

Meckel’s diverticulum 1 (3.4%)
Bleeding from 
Meckel’s diverticulum 15 (38.5%) 13 (20.3%) 3 (10.3%) 0.018

Acute appendicitis 7 (17.9%) 36 (56.3%) 12 (41.4%) 0.001
Acute intestinal 
obstruction 13 (33.3%) 9 (14.1%) 12 (41.4%) 0.009

Gastrointestinal bleeding
 of unknown etiology 2 (5.1%) 2 (3.1%) >0.05

Peritonitis of unknown 
etiology 1 (1.6%) 1 (3.4%) >0.05

Abscess of the abdominal 
cavity 2 (3.1%)

Strangulated hernia: 
(inguinal and umbilical) 2 (5.1%)

Colon developmental 
anomaly. 
Rectal form of 
Hirschsprung’s disease
 Meckel’s diverticulum

1 (1.6%)
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acute appendicitis (17.9%). In contrast, in Groups 2 and 3, 
the symptoms of acute appendicitis (56.3% and 41.4%, 
respectively) predominated over the symptoms of acute 
intestinal obstruction (14.4% and 41.4%, respectively). This 
may be explained by the fact that in younger children, Meckel’s 
diverticulum is more often complicated by intussusception or 
perforation due to the smaller diameter of the ileal lumen, 
immaturity of the intestinal neuromuscular apparatus, and 
rapid development of mucosal edema and inflammation. 
These pathophysiological features contribute to the early onset 
of mechanical intestinal obstruction. In older age groups, by 
contrast, the inflammatory process in the diverticulum is more 
localized, mimicking acute appendicitis clinically. In addition, 
in older children, compensatory mechanisms of intestinal 
motility are better developed, and the ability to subjectively 
describe pain is more pronounced, facilitating differential 
diagnosis from obstructive forms of the disease.

The surgical approach depended on the preoperative 
diagnosis. In cases with a precise diagnosis of Meckel’s 
diverticulitis, laparotomy was performed. If there were 
signs of bleeding, surgery was initiated laparoscopically, 
or laparotomy was performed. If acute appendicitis was 
suspected, surgery began with a McBurney incision, either 
laparoscopy or laparotomy. In the presence of clinical signs 
of acute intestinal obstruction, laparotomy was performed in 
most cases. In Group 1, the most common surgical approach 
for Meckel’s diverticulitis was laparotomy (51.3%), compared 
with 26.6% and 34.5% in Groups 2 and 3, respectively 
(P=0.039) (Table 2). McBurney’s incision was performed 
in 37.5.% of cases in Group 2, and in 17.2% and 12.8% in 
Groups 3 and 2, respectively (P=0.010). In cases in which 
the operation was initiated laparoscopically, conversion to 
laparotomy was required in 28.2% of Group 1, 20.3% of 
Group 2, and 31.0% of Group 3 (P=0.466). In children under 
3 years of age in Group 1, only one case was laparoscopic, in 
which a simple diverticulectomy was performed. 

Table 3 shows that in Group 1, the most common 
operation was laparotomy with diverticulectomy (28.2%), with 
a high proportion of bowel resection with anastomosis (25.6%) 
and bowel resection with ileostomy (12.8%), which indicates 
severe complications (gangrene, perforation, intussusception). 
Laparoscopy was performed in only 1 case (2.6%). In 

Group 2, the most frequent operations were laparotomy 
with diverticulectomy (26.6%) and appendectomy with 
diverticulectomy through the McBurney approach (28.1%). 
A smaller number of bowel resections were performed (6.3% 
with anastomosis, 4.7% with ileostomy). Laparoscopy was 
used more often than in the younger group (14.1% vs. 2.6%). 
In Group 3, the most significant proportion of laparoscopic 
interventions was observed (17.2%). Laparotomy with 
diverticulectomy accounted for 20.7%, which was lower than 
in Groups 1 and 2. Bowel resections were less common, but 
in cases of complications, they were performed both with 
anastomosis (10.3%) and with ileostomy (13.8%). A greater 
number of combined operations were noted (for example, 
appendectomy + diverticulectomy).

A comparative analysis of surgical interventions in 
children of different age groups revealed the following:

•Laparotomy with diverticulectomy is the most common 
operation in all groups, but the proportion decreases with 
age (28.2% → 26.6% → 20.7%).
•Appendectomy with diverticulectomy through the 
McBurney approach is more common in the early-to-

Table 2.
Surgical approach in the study groups.

Surgical approach Group 1
n=39

Group 2
n=64

Group 3
n=29 P-value 

McBurney’s incision 5 (12.8%) 24 (37.5%) 5 (17.2%) 0.010
McBurney incision →
→ Laparotomy 1 (1.6%)

Laparoscopy 1 (2.6%) 9 (14.1%) 5 (17.2%) 0.107
Laparoscopy → 
→ Laparotomy 11 (28.2%) 13 (20.3%) 9 (31.0%) 0.466

Laparotomy 20 (51.3%) 17 (26.6%) 10 (34.5%) 0.039
Access through 
a strangulated hernia 2 (5.1%)

Table 3. 
Types of operations performed in the study groups.

Operation Group 1
n=39

Group 2
n=64

Group 3
n=29

P-
value

McBurney. Appendectomy
(diverticulum unchanged) 1 (3.1%) 1 (3.4%) >0.05

McBurney. Appendectomy.
Diverticulectomy 4 (10.3%) 18 (28.1%) 4 (13.8%) 0.056

McBurney. Appendectomy.
Bowel resection 
with anastomosis.

1 (2.6%) 5 (7.8%) >0.05

Laparoscopy.
Diverticulectomy 5 (7.8%) 5 (17.2%) >0.05

Laparoscopy. Appendectomy.
Diverticulectomy. 1 (2.6%) 4 (6.3%) >0.05

Laparotomy.
Diverticulectomy 11 (28.2%) 17 (26.6%) 6 (20.7%) 0.766

Laparotomy. Appendectomy.
Diverticulectomy. 3 (7.7) 2 (3.1%) 6 (20.7%) 0.018

Laparotomy. Bowel resection 
with anastomosis 10 (25.6%) 4 (6.3%) 3 (10.3%) 0.015

Laparotomy. Bowel resection
with ileostomy 5 (12.8%) 3 (4.7%) 4 (13.8%) 0.231

Laparotomy. Appendectomy.
Bowel resection with
anastomosis.

2 (6.3%)

Laparotomy. Intestinal
disinvagination.
Diverticulectomy

1 (2.6%) 3 (4.7%) >0.05

Laparotomy. Diverticulectomy.
Abdominoperineal procto-
plasty with extraperitoneal
resection of the colon with
application of end-to-end 
colon-colonic anastomosis
according to Swenson-
Hiath-Isakov

1 (6.1%)

Herniotomy.
Diverticulectomy. 2 (5.1%)
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middle childhood group (28.1%), less in the infancy-to-
toddler group (10.3%), and the adolescence group (13.8%).
•Bowel resection with anastomosis is typical mainly for the 
infancy-to-toddler group (25.6%) (P=0.015).
•Laparoscopy proportion increases with age (2.6% → 7.8% 
→ 17.2%).

In Group 1, the most common postoperative diagnosis 
was bleeding from Meckel’s diverticulum (38.5%), which 
confirms the anatomical and physiological features in 
younger children (thin mucosa, tendency to peptic ulcers) 
(Table 4). Acute catarrhal Meckel’s diverticulum (28.2%), 
intussusception (7.7%) (Fig. 3), and strangulated intestinal 
obstruction (7.7%) indicated a severe course of complications. 
In Group 2, the leading diagnosis was phlegmonous Meckel’s 
diverticulum (20.3%) and gangrenous Meckel’s diverticulum 
(Fig. 4) (18.8%), reflecting more pronounced inflammatory 
complications. Catarrhal changes were rare (6.3%). Bleeding 
was detected in 20.3% of patients, a rate lower than in younger 
children. The incidence of intestinal obstruction decreased 
sharply, but isolated cases of strangulated intestinal obstruction 
(1.6%) and obstructive intestinal obstruction (3.1%) were 
noted. In Group 3, acute catarrhal Meckel’s diverticulum 
(34.5%) (Fig. 5) and adhesive intestinal obstruction (20.7%) 
were more common, which were absent in the younger groups. 
Gangrenous Meckel’s diverticulum was noted in 13.8% of 
adolescents, which was lower than in the early-to-middle 
childhood group. No bleeding was recorded in this group. 

A comparative analysis of postoperative diagnosis in 
children of different age groups revealed the following:

•Bleeding from Meckel’s diverticulum is characteristic 
predominantly of the infancy-to-toddler group (38.5%), 
whereas it does not occur in the adolescence group 
(P=0.045).

•Phlegmonous and gangrenous forms were more frequently 
diagnosed in the early-to-middle childhood group (20.3% 
and 18.8%, respectively), confirming the age-related 
features of the inflammatory response.
•Acute catarrhal Meckel’s diverticulum predominated 
in the infancy-to-toddler group (28.2%) and adolescence 
group (34.5%), but it was less common in the early-to-
middle childhood group (6.3%) (P=0.001)
•Intestinal obstruction in the infancy-to-toddler group was 
represented by strangulation/intussusception (7.7%/2.6%), 
while in the adolescence group, adhesive intestinal 
obstruction was predominant (20.7%), indicating different 
mechanisms of complications.
•A simple (unchanged) diverticulum was found in all 
groups (15.4% in Group 1, 20.3% in Group 2, 31.0% in 
Group 3), without statistically significant differences.

Table 4.
Postoperative diagnosis in the study groups.

Postoperative diagnosis Group 1
n=39

Group 2
n=64

Group 3
n=29 P-value 

Acute catarrhal Meckel’s
diverticulum 11 (28.2%) 4 (6.3%) 10 (34.5%) 0.001

Phlegmonous Meckel’s
diverticulum 4 (10.3%) 13 (20.3%) 2 (6.9%) 0.158

Gangrenous Meckel’s
diverticulum 12 (18.8%) 4 (13.8%) 0.558

Simple (unchanged)
Meckel’s diverticulum 6 (15.4%) 13 (20.3%) 9 (31.0%) 0.287

Acute appendicitis 9 (23.1%) 33(51.6%) 11 (37.9%) 0.016
Strangulated intestinal
obstruction 3 (7.7%) 1 (1.6%) 4 (13.8%) 0.064

Obstructive intestinal
obstruction 1 (2.6%) 2 (3.1%)

Adhesive intestinal
obstruction 6 (20.7%)

Intussusception 3 (7.7%) 2 (3.1%) 1 (3.4%) 0.530
Meckel’s diverticulum 
bleeding 15 (38.5%) 13 (20.3%) 0.045

Fig. 3. Intussusception of Meckel’s diverticulum.

Fig. 4. Gangrenous form of Meckel’s diverticulitis.

Fig. 5. Catarrhal form of Meckel’s diverticulitis.
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Discussion
According to several authors,6,7 in children aged 0–3 

years, performing a complete examination and establishing an 
accurate diagnosis in cases of “acute abdomen” is difficult. This 
is associated with the nonspecific nature of the clinical picture, 
the inability to fully communicate with the child, the rapid 
development of complications, and challenges in interpreting 
instrumental data due to the anatomical and physiological 
characteristics of the pediatric organism. Meckel’s diverticulum 
often manifests only with signs of acute intestinal obstruction 
or internal bleeding, which significantly complicates 
differential diagnosis. Since preoperative diagnosis is virtually 
impossible, children frequently present to emergency surgical 
departments with suspected acute abdominal pathology. 
Indications for surgery most commonly include complicated 
forms of the diverticulum, such as inflammation mimicking 
appendicitis, gastrointestinal bleeding of unknown origin, 
the presence of free intraperitoneal air due to perforation, or 
intestinal obstruction. 

In children aged 0–3 years, the preoperative diagnosis 
of Meckel’s diverticulum coincided with the intraoperative 
finding in only 38.5% of cases. Almost always, this was 
associated with the presence of gastrointestinal bleeding, 
which prompted surgeons to suspect this pathology. In other 
cases, the clinical picture mimicked other acute surgical 
diseases of the abdominal cavity — primarily acute intestinal 
obstruction (33.3%) and acute appendicitis (17.9%). This 
confirms that in children of the infancy-to-toddler group, 
complicated forms of the diverticulum prevail, often requiring 
emergency bowel resection or ileostomy formation. Similar 
data are presented in a study by St-Vil et al.8 In children under 
4 years, intestinal obstruction, bleeding, and intussusception 
predominated, requiring more radical interventions.8 In our 
study, the infancy-to-toddler group also showed a severe 
course and a high frequency of resections. 

In adolescents (12–18 years), the concordance between 
the preoperative diagnosis and intraoperative findings was 
13.7%. Despite the formally lower percentage, clinical diagnosis 
in this group was facilitated by clearer symptomatology, the 
possibility of using an extended set of instrumental methods 
(ultrasound, CT, laparoscopy), and a complete medical history. 
For this age group, the predominance of acute appendicitis 
(41.4%) and intestinal obstruction (41.4%) was characteristic, 
which allowed for a more targeted choice of surgical access 
already at the planning stage. At the same time, an increase in 
the proportion of laparoscopic interventions (up to 17.2%) was 
noted, which coincides with the conclusions of Shalaby et al.,9 

who demonstrated that laparoscopy for Meckel’s diverticulum 
in children is safe, effective, and provides accurate diagnosis 
and treatment with minimal trauma and rapid recovery. 
Similarly, St-Vil et al.8 noted that, in adolescents, less complex 
forms were more common, and laparoscopic access was used 
more frequently—a pattern that aligns fully with our results 
for Group 3. 

Special attention should be given to the early-to-
middle childhood group (4–11 years), where the concordance 
between preoperative and intraoperative diagnoses was 

observed in 20.3% of cases. In this cohort, the clinical 
picture most often resembled acute appendicitis (more than 
50%), which explains the high percentage of combined 
interventions — removal of Meckel’s diverticulum together 
with the appendix. Such a tactic allows the simultaneous 
elimination of both potential sources of inflammation and 
pain, reducing the risk of future repeat operations. This finding 
is consistent with data from a monographic review by Nissen 
et al.,10 which indicated that in 62% of patients, the diagnosis 
was established before age 5, with obstruction (41%) and 
bleeding (27%) predominating. In older age groups, severe 
manifestations were less common, as evidenced in our study: 
in Group 1, bleeding and complications predominated, 
whereas in Groups 2 and 3, the proportion of severe forms 
was significantly lower.

Thus, the obtained data convincingly demonstrate that 
the patient’s age decisively influences the clinical course and 
diagnostic accuracy in Meckel’s diverticulum. In younger 
children, the disease predominantly presents in a complicated 
form, which complicates preoperative diagnosis and requires 
a more aggressive surgical approach (resections, open 
interventions). In adolescents, the proportion of laparoscopic 
and combined interventions increases, and preoperative 
diagnosis becomes more accurate as instrumental capabilities 
expand. The presented patterns are entirely consistent with 
the results of St-Vil et al., Shalaby et al., and Nissen et al.,8-

10 which confirm the reliability and reproducibility of our 
observations. 

Conclusions

•	 The clinical manifestation of Meckel’s diverticulum 
varies. In some cases, it mimics acute appendicitis, in 
others, acute intestinal obstruction, which depends on the 
patient’s age and the time of admission from the onset of 
the disease.

•	 In children aged 0–3 years with gastrointestinal bleeding, 
Meckel’s diverticulum is most often suspected.

•	 In children aged 0–3 years, when Meckel’s diverticulum 
is suspected, it is advisable to begin the intervention with 
laparotomy. In contrast, in older children, the choice of 
surgical access is determined by the clinical picture and 
the preliminary diagnosis.

•	 In children aged 0–3 years, open surgeries predominate, 
which is associated with the high proportion of complicated 
forms (diverticulitis, necrosis, intussusception).

•	 In children aged 4-11 years, it is more often possible 
to perform less traumatic interventions; complicated 
forms are less common; however, the diverticulum is 
frequently removed simultaneously with the appendix 
due to a similar clinical presentation.

•	 In adolescents aged 12-18 years, laparoscopic and 
combined interventions predominate, characterized by 
lower invasiveness; complicated forms are recorded 
much less frequently.
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Abstract
A primitive neuroectodermal tumor (PNET) of the cerebellum, called medulloblastoma, is an aggressive, fast-growing brain 
tumor. This study aims to compare the dosimetric distribution of two radiotherapy techniques—three-dimensional conformal 
radiation therapy (3D-CRT) and intensity-mod ulated radiation therapy (IMRT)—in patients with medulloblastoma by evaluating 
planning target volume (PTV) and exposure of organs at risk (OARs).
In a 15-year retrospective analysis, considerable number of patients (aged 3–30 years) initially treated with 3D-CRT and subsequently 
with IMRT (volumetric modulated arc therapy is now used but not included in this comparison) were evaluated. Treatment 
plans were created in the planning system using the Monte Carlo Convolution/Superposition algorithm. Dose distributions were 
assessed via dose–volume histograms, and the maximum doses received by the hippocampus, brainstem, and spinal cord were 
compared between the two techniques.
Both 3D-CRT and IMRT achieved complete coverage of the PTV. IMRT demonstrated a significant reduction in dose to critical 
structures, thereby lowering the risk of neurocognitive and endocrine side effects, whereas 3D-CRT delivered higher radiation 
levels to surrounding normal tissues. Average treatment times for IMRT were approximately 20–30% longer than for 3D-CRT.
IMRT provides a more conformal dose distribution, with enhanced protection of OAR, potentially permitting higher tumor doses 
and improved long-term outcomes in pediatric patients. However, the choice between 3D-CRT and IMRT should be made on a 
case-by-case basis, taking into account the contour delineation, technical availability, and the patient’s tolerance for treatment 
duration. (International Journal of Biomedicine. 2025;15(4):685-689.)
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Introduction
Medulloblastoma is the most common malignant 

brain tumor in children, accounting for approximately 
20% of all pediatric brain tumors. Any patient presenting 
with neurological symptoms should undergo a complete 

evaluation, including a neurological examination. If a brain 
tumor is suspected, the patient is typically referred for brain 
imaging.

Neuroimaging plays a key role in the diagnosis and 
assessment of medulloblastoma dissemination. Magnetic 
resonance imaging (MRI) and computed tomography (CT) 
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provide detailed images of the brain and spinal cord, enabling 
the detection of tumors and their anatomical relationships to 
surrounding structures.1,2 

In pediatric patients, contrast administration improves 
lesion visualization, and sedation may be required to obtain 
high-quality images. In rare cases, a medulloblastoma or 
another primitive neuroectodermal tumor (PNET) can be 
detected by prenatal ultrasound.3

Some early studies suggested that the diagnosis could 
be established solely based on imaging without the need for 
a biopsy.1,2,3 However, according to the WHO Classification 
of CNS Tumours 2021 and SIOP-Europe 2023 guidelines, 
final diagnosis requires histopathological verification and 
molecular characterization, which are essential for accurate 
risk stratification and optimal treatment planning.

The modern classification system divides 
medulloblastomas into four main molecular groups: WNT-
activated – very favorable prognosis; often eligible for reduced 
CSI dose, HH-activated, TP53-wildtype – intermediate 
prognosis, SHH-activated, TP53-mutant – poor prognosis; 
often treatment-resistant, Non-WNT/Non-SHH – includes 
Group 3 and Group 4, with diverse molecular profiles and 
prognoses.4,5

This molecular classification, combined with histological 
and clinical features, has enabled a more personalized 
approach to treatment.

Radiotherapy, combined with surgery and chemotherapy, 
is a cornerstone in the management of medulloblastoma. For 
standard-risk patients, this multimodal approach achieves 
5-year survival rates of 75–85%.1 Age is a key factor in risk 
stratification: patients under 3 years of age are treated with 
specific protocols to avoid or reduce craniospinal irradiation 
due to the high risk of long-term side effects.

One of the most common and detrimental late effects of 
treatment is neurocognitive decline, which is directly related 
to the radiation dose delivered to the brain.6,7 The hippocampus 
and temporal lobes are critical structures for memory formation 

and cognitive function. Studies in both animal models and 
patients have demonstrated that radiation-induced disruption of 
hippocampal neurogenesis leads to significant cognitive deficits.

For this reason, modern radiotherapy techniques such 
as intensity-modulated radiation therapy (IMRT), volumetric 
modulated arc therapy (VMAT), and proton therapy are 
increasingly used to limit the dose to critical structures while 
maintaining tumor control. Hippocampal-sparing craniospinal 
irradiation (CSI) is an emerging strategy designed to reduce 
the risk of long-term cognitive impairment.

In standard treatment, craniospinal irradiation (CSI) is 
delivered at a dose of 23.4–36 Gy, followed by a boost to the 
posterior fossa up to 54–55.8 Gy.1,7 Typical margins for the 
gross tumor volume (GTV) and clinical target volume (CTV) 
range from 0.5cm to 1.5 cm, with an additional 0.5 cm added to 
generate the planning target volume (PTV). In WNT-activated 
and standard-risk patients, protocols with reduced CSI doses are 
being investigated to minimize toxicity without compromising 
survival.

Methodology
Over 15 years at our center, a considerable number of 

patients diagnosed with primitive neuroectodermal tumors 
(PNET), including medulloblastoma, were treated. The 
patients’ ages ranged from 3 to 30 years, encompassing both 
pediatric and young adult populations. Initially, treatments 
were delivered using the three-dimensional conformal radiation 
therapy (3D-CRT) technique, followed by the introduction 
of IMRT, and more recently, VMAT.8 Since the majority of 
treatments (about 90%) were performed using either 3D-CRT 
or IMRT, the present study focuses on a comparative evaluation 
of these two techniques using representative clinical cases. 
Both 3D-CRT and IMRT are established modalities in the 
treatment of medulloblastoma; however, they differ in terms of 
dose distribution, organ-at-risk sparing, acute and late toxicity 
profiles, and potential long-term outcomes (Table 1).9-13

Table 1. 
Comparative features of IMRT and 3D-CRT in the treatment of medulloblastoma.

Feature IMRT 3D-CRT Notes / Evidence

Precision
Higher precision with inverse planning; better 
dose sculpting around the PTV and improved 
conformity 

Less precise; often results in higher 
dose to surrounding healthy tissue

Difference most pronounced in boost 
fields; less marked in large-field CSI

Dose to 
normal tissue

Potentially reduces mean dose to brain, cochlea, 
and spinal cord when OAR constraints are 
applied 

Higher dose to adjacent normal 
tissues; limited sparing capacity

IMRT may increase low-dose bath 
(V5–V10) to larger body volumes

Toxicity
Lower potential risk of neurocognitive decline, 
ototoxicity, and endocrine dysfunction when 
OAR sparing is implemented 

Higher incidence of late effects, 
especially neurocognitive and 
endocrine toxicity

Benefits depend on plan quality; CSI 
without hippocampal/cochlear sparing 
may show minimal difference

Effectiveness
Similar tumor control compared to 3D-CRT; 
better quality-of-life outcomes when sparing 
OARs 

Effective tumor control but with a 
higher risk of late toxicities

No survival advantage demonstrated 
for IMRT

Use in CSI
May allow better sparing of critical organs 
(thyroid, esophagus, cochlea); requires more 
complex planning and QA 

Standard CSI technique 
historically; exposes more normal 
tissue to moderate–high doses

IMRT/VMAT CSI more sensitive to 
setup errors; requires daily IGRT
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For pediatric patients, IMRT is often preferred due to its 
ability to reduce radiation dose to developing brain structures, 
the cochlea (lowering the risk of hearing loss), and endocrine 
glands, thereby reducing the risk of long-term neurocognitive, 
auditory, and hormonal dysfunction.9,11 IMRT achieves highly 
conformal dose distributions, precisely targeting the PTV 
while minimizing exposure to organs at risk (OARs).

3D-CRT remains in routine use, especially for 
craniospinal irradiation (CSI), due to its simplicity, robustness, 
and effectiveness in covering the entire neuroaxis. This 
technique delivers a uniform dose across large target volumes 
but provides less sparing of OARs compared to IMRT or 
proton therapy, resulting in higher radiation exposure to 
normal tissues.15,16,17

For this study, treatment plans were created using 
both techniques for comparative purposes. Dose–volume 
histograms (DVHs) were generated, and dose metrics for the 
PTV and all relevant OARs were analyzed to identify potential 
advantages and disadvantages of each approach.

All patients undergo immobilization using pediatric 
thermoplastic masks and vacuum cushions. Simulation 
CT scans encompass the entire craniospinal axis with slice 
thicknesses of 1–2 mm. Target volumes are contoured 
according to international pediatric radiotherapy guidelines 
(SIOP-Europe, 2023).

Stage 1 – CSI: Standard-risk patients typically receive 
23.4–36 Gy to the craniospinal axis, while high-risk patients 
may receive up to 36 Gy, depending on age and risk profile.

Stage 2 – Boost An additional 15–20 Gy is delivered 
to the posterior fossa or tumor bed, bringing the total dose to 
\~54–55.8 Gy for standard-risk cases.

For low-risk WNT-activated patients, dose de-escalation 
to 18–23.4 Gy CSI is considered, as per current protocols.

 “Step-by-step” or “moving junction” techniques are 
applied for 3D-CRT CSI to avoid overdose/underdose at field 
junctions. IMRT/VMAT CSI eliminates the need for manual 
junction shifts.

All patients are managed within a multidisciplinary 
pediatric oncology team comprising radiation oncologists, 
neurosurgeons, pediatric oncologists, anesthesiologists, 
medical physicists, and radiation therapists.

Surgery: Maximal safe resection is performed before 
radiotherapy to obtain histopathological and molecular 
diagnosis and to debulk the tumor.

Chemotherapy: Administered pre- or post-radiotherapy 
in high-risk patients, those under 3 years of age, or in relapsed 
disease. Standard regimens include vincristine, etoposide, 
carboplatin, and cyclophosphamide.

Patients are classified according to a combination of 
clinical, radiological, and molecular features:

Low-risk: Residual tumor <1.5 cm², negative CSF 
cytology, no metastases, favorable molecular subgroup (e.g., 
WNT-activated). Expected 5-year survival >75%.

High-risk: Age <4 years, disseminated disease, 
incomplete resection, unfavorable histology, or molecular 
subgroup (e.g., Group 3). Expected 5-year survival 35–50%.5,17

Method 1: In this study, the first treatment approach 
involved the use of 3D-CRT for a patient diagnosed with 

medulloblastoma. The craniospinal irradiation (CSI) dose was 
36 Gy, delivered in three different sequential treatment plans 
within the same session each day. This approach was chosen to 
optimize target coverage and minimize the occurrence of hot 
spots. To ensure optimal and reproducible patient positioning, 
Civco blue vacuum cushions were used for immobilization. 
Treatment was delivered on an Elekta Synergy linear 
accelerator. For the secondary beams, a motorized wedge was 
employed to achieve the desired dose distribution and improve 
homogeneity across the target volume Figure 1.

During treatment with this method, more precise results 
are expressed in the dose-volume histogram (Figure 2).

During 3D-CRT treatment for medulloblastoma, the 
minimum, maximum, and mean doses received by OARs 
were analyzed to assess their protection and exposure during 
therapy (Table 2).

Fig. 1. Medulloblastoma 3D-CRT treatment plans.

Fig. 2. DVH for 3D-CRT medulloblastoma treatment.

Dose /OAR Min Dose
(cGy)

Max Dose
(cGy)

Mean Dose
(cGy)

Crystalline left 314 605 320
Crystalline right 314 605 320
Left Eye 310 605 335
Right Eye 310 605 330
Heart 320 605 550
Left Lung 314 610 350
Right Lung 315 610 350
Left Kidney 310 610 340
Right Kidney 310 610 340

Table 2. 
The minimum, average, and maximum doses for OAR during 
3D-CRT treatment.
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The data show that the left and right crystalline lenses 
received a minimum dose of 314 cGy and a maximum dose of 
605 cGy, with a mean dose of 320 cGy. The left and right eyes 
were exposed to minimum doses of 310 cGy and maximum 
doses of 605 cGy, with mean doses of 335 cGy and 330 cGy, 
respectively.

Regarding other vital organs, the heart received a 
relatively high mean dose of 550 cGy, ranging from 320 cGy 
to 605 cGy. The left and right lungs had minimum doses of 
\~314–315 cGy and maximum doses of 610 cGy, with equal 
mean doses of 350 cGy each. The left and right kidneys 
received minimum doses of 310 cGy and maximum doses of 
610 cGy, with a mean dose of 340 cGy.

These results indicate that, although the dose distribution 
to the OARs was maintained within acceptable limits according 
to international protocols, there is considerable variability 
among the organs, with thoracic structures, such as the heart 
and lungs, being exposed to higher levels compared to ocular 
and renal structures. This dose profile is characteristic of 
3D-CRT techniques, which provide uniform coverage of the 
target volume but have limitations in optimally sparing certain 
OARs compared to more advanced techniques such as IMRT 
or proton therapy.

Method 2: In this case, the IMRT technique was 
employed to maximize protection for OARs and surrounding 
healthy tissues. IMRT utilizes modulated beam intensities, 
enabling a non-uniform dose distribution, unlike the uniform 
distribution characteristic of 3D-CRT. This allows for the 
delivery of higher doses to the tumor target while minimizing 
exposure to OARs.18,19  

IMRT is widely applied in the treatment of head and 
neck tumors. In the case of medulloblastoma, this technique 
enables precise dose escalation to the target volume, 
allowing delivery of up to 5600 cGy to the posterior fossa, 
while ensuring that doses to critical structures remain within 
recommended tolerance limits Figure 3.

The IMRT treatment plan is delivered at multiple angles 
and divided into many small isodoses Figure 4.

During treatment with this method, more precise results 
are expressed in the dose-volume histogram (Figure 5).                              

Table 3 presents the minimum, maximum, and mean 
doses (in cGy) delivered to various OARs during IMRT for 
medulloblastoma. The crystalline lenses of both eyes received a 
maximum dose of 605–605 cGy, with a mean dose of 300 cGy, 

reflecting adequate sparing of these radiosensitive structures. 
The left and right eyes received similar maximum doses (605 
cGy and 600 cGy, respectively) with mean doses limited to 
300 cGy. The heart received a minimum dose of 220 cGy, a 
maximum dose of 605 cGy, and the highest mean dose among 
all OARs (≈350 cGy), indicating partial exposure due to its 
proximity to the inferior treatment fields. The left and right lungs 
showed maximum doses of 610 cGy and mean doses of 310–311 
cGy, respectively. Renal exposure was kept minimal, with both 
kidneys receiving maximum doses of 600 cGy and mean doses 
limited to 300 cGy. Overall, the IMRT technique demonstrated 
effective dose modulation, ensuring OAR doses remained within 
clinically acceptable limits while optimizing target coverage.

Fig. 3. Delivery of radiation by IMRT beams.

Fig. 4. Medulloblastoma IMRT treatment plans.

Fig. 5. DVH for IMRT medulloblastoma treatment.

Dose /OAR Min Dose
(cGy)

Max Dose
(cGy)

Mean Dose
(cGy)

Crystalline left 300 600 300
Crystalline right 300 605 300
Left Eye 310 605 300
Right Eye 300 600 300
Heart 320 605 550
Left Lung 314 610 310
Right Lung 315 610 311
Left Kidney 310 600 300
Right Kidney 310 600 300

Table 3. 
The minimum, average, and maximum doses for OAR during 
IMRT treatment.
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Conclusions
For a patient diagnosed with medulloblastoma, treatment 

plans were generated using both three-dimensional conformal 
radiotherapy (3D-CRT) and intensity-modulated radiation 
therapy (IMRT) techniques. In both approaches, the prescribed 
dose adequately covered the PTV. The plans were compared 
using dose–volume histograms (DVHs) and by evaluating the 
doses received by organs at risk (OARs).

This comparison aimed to evaluate the advantages and 
disadvantages of the two three-dimensional radiotherapy 
planning methods and to determine the optimal approach 
based on patient-specific characteristics, total prescribed dose 
to the PTV, and contour delineation defined by the radiation 
oncologist.

1. OAR sparing: IMRT provided superior protection 
for critical organs compared to 3D-CRT, resulting in lower 
expected side effects.

2. Dose escalation potential: Greater OAR sparing with 
IMRT may allow safe escalation of the tumor dose, potentially 
improving tumor control and clinical outcomes.

3. Treatment time: IMRT generally requires a more 
extended treatment delivery time compared to 3D-CRT.

The DVH comparison shows that for the same prescribed 
tumor dose, the OARs received lower radiation exposure with 
IMRT compared to 3D-CRT.

IMRT offers an optimized dose distribution for 
medulloblastoma by reducing radiation exposure to critical 
organs while maintaining effective tumor coverage. However, 
for craniospinal irradiation (CSI), proton therapy remains the 
most effective modality in reducing long-term toxicity.

3D-CRT, while capable of delivering a uniform dose to 
the craniospinal axis, exposes more normal tissue to radiation. 
It remains an effective and widely accessible technique, but 
when available, IMRT or proton therapy is preferred to reduce 
the risk of late side effects.
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Abstract
Background: Ultrasound elastography, a non-invasive imaging modality, holds promise for assessing tissue stiffness, offering 
potential applications in the evaluation of cardiovascular disease. This study aimed to quantify local stiffness of the abdominal 
aortic wall using two-dimensional shear wave elastography (2D-SWE) in adults without underlying medical conditions, and to 
evaluate its reproducibility. 
Methods and Results:2D-SWE measurements of infra-renal posterior wall of the abdominal aorta (PWoAA) were obtained 
from 50 subjects. For intra- and inter-observer reproducibility, five 2D-SWE measurements of PWoAA were averaged, and the 
measurements were performed two times by observer A and once by observer B (n=750). Intraclass correlation coefficient (ICC) 
and Bland-Altman plot were used to establish bias and limit of agreement (LoA) between PWoAA elasticity measurements.
Ultrasound 2D-SWE of PWoAA was 3.87±0.99 kPa. Intra-observer agreement of PWoAA ultrasound 2D-SWE elasticity 
measurements was moderate with an ICC value of 0.69 (95% CI: 0.56–0.82, P<0.001). Bias in intra-observer measurements was 
0.18±0.92 kPa (95% LoA: -1.62–1.99). Similarly, inter-observer agreement was moderate with an ICC value of 0.56 (95% CI: 
0.22–0.75, P=0.002). Bias in inter-observer measurements was -0.02±1.09 kPa (95% LoA: -2.16–2.11). There was no significant 
difference in the 2D-SWE measurements of the aortic walls, both within the same observer (mean difference [MD] 0.17, 95% CI: 
0.07–0.44, P=0.16)) and between two different observers (MD=0.02, 95% CI: 0.33–0.28, P=0.86). 
Conclusion: Our findings demonstrated moderate reproducibility of ultrasound 2D-SWE in assessing abdominal aortic wall 
elasticity, with no significant differences within or between observers. Further research is warranted to optimize the clinical 
application of this method for assessing arterial wall stiffness, particularly in patients with cardiovascular disease, including those 
with abdominal aortic aneurysms.(International Journal of Biomedicine. 2025;15(4):690-694.)
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Introduction
Aortic stiffness (AS) characterizes elastic resistance 

to deformation. It is intricately influenced by the dynamic 
interplay between vascular smooth muscle cells and 
extracellular matrix components, including fibrillin fibers, 
elastin, and collagen.1 This biomechanical property assumes 
significance, as elevated AS reflects maladaptive responses to 
hemodynamic stress and imposes an increased afterload on the 
heart. It is considered a non-invasive indicator of metabolic 
disorders and a critical factor in assessing cardiovascular 
risk.2,3 

Several methodologies have been used to assess AS non-
invasively.2 Pulse wave velocity (PWV) is a widely utilized 
approach that calculates the speed of the pressure wave along 
the aorta. This is achieved by measuring the pulse transit 
time between the carotid and femoral sites and determining 
the distance between them.4 In addition, ultrasound-based 
techniques, including aortic arch pulse wave velocity 
(aaPWV) and carotid-femoral pulse wave velocity (cfPWV), 
by assessing pulse wave Doppler, have been reported to 
provide valuable insights for measuring AS.5,6 

Ultrasound two-dimensional shear wave elastography 
(2D-SWE) enables quantitative measurements of tissue 
stiffness in real-time.7 It employs acoustic radiation force 
impulses induced into tissues through focused ultrasonic 
beams, capturing the real-time propagation of resultant shear 
waves.8 This enables the display of elasticity as a colored map 
overlay on a B-mode image, providing a holistic visualization 
of tissue stiffness.9 Although ultrasound 2D-SWE is promising 
a diagnostic tool in assessing liver diseases, thyroid nodules, 
and breast conditions, its potential for evaluating abdominal 
aortic wall stiffness remains an underexplored. Therefore, 
in this study, we aimed to quantify the local stiffness of the 
abdominal aortic wall using 2D-SWE ultrasound in adults 
without underlying medical conditions, and to evaluate its 
reproducibility.  

Materials and Methods
This observational pilot study was approved by the 

Research Ethics Committee at King Abdulaziz University 
(Reference No 202-23). The study was conducted in 
accordance with the ethical principles outlined in the 
Declaration of Helsinki (2000; revised October 2013, 
Fortaleza, Brazil). Written informed consent was obtained 
from all the participants. Subjects at least 18 years old, with 
no underlying medical conditions, not on regular medications, 
and not regular smokers were included in the study. Exclusion 
criteria included diagnosed with cardiovascular diseases, 
diabetes, on regular medicines, a regular smoker, and 
pregnancy. Participants were recruited between April and 
August 2023

Each participant was asked to attend a research clinical 
assessment room at the Department of Radiologic Sciences, 
Faculty of Applied Medical Sciences, King Abdulaziz 
University, once in the morning following an overnight fasting 
period.10,11 The participants were screened for eligibility during 

the visit, and their heights and weights were taken. Then, they 
were asked to lie in a supine position for approximately 20 
minutes. Afterward, brachial blood pressure and heart rate 
were measured by placing a Microlife monitor cuff on the 
upper arm, followed by ultrasound imaging of the abdominal 
aorta for normality assessment. The ultrasound imaging 
procedures were conducted using a high-resolution ultrasound 
system, EPIQ Elite (Philips Health Care ultrasound imaging 
system), with 2D-SWE capability using a 5-1MHz curvilinear 
transducer for optimal image acquisition. Ultrasound 2D-SWE 
was assessed in real-time. 

Ultrasound 2D-SWE of infra-renal PWoAA were 
obtained by placing the ultrasound transducer along the 
midline of the abdomen in the longitudinal plane. A sufficient 
amount of gel was applied while participants lay in a supine 
position with their arms resting by their sides, and they were 
instructed to hold their breath at an end-expiratory level to 
ensure uniform depth of aorta visualization during assessments 
and the acquisition of high-quality elastography images. 
Measurements were taken during diastole in kPa. The dual-
screen mode of 2D-SWE was activated, displaying both the 
confidence map and the stiffness map overlaid on the B-mode 
ultrasound image. A sample gate of 1mm in size was placed on 
the PWoAA under the guidance of the confident map to ensure 
reliable data is acquired (Figure 1). Aortic wall elasticity from 
each patient was estimated from the average value of five 
2D-SWE measurements. Five 2D-SWE measurements from 
each participant were repeated three times by two certified 
clinical sonographers with efficient training on ultrasound 
2D-SWE (twice by observer A and once by observer B). Both 
observers were blinded to their own measurements and those 
of the other observer to ensure unbiased data collection.

Statistical analysis was performed using the intraclass 
correlation coefficient (ICC) and Bland-Altman plots 
to evaluate intra- and inter-observer reproducibility and 
establish bias and limit of agreement (LoA) between PWoAA 
elasticity measurements. A paired t-test was used to compare 
the mean elasticity measurements taken from the same 
individuals by the observers. Analysis was performed using 

Figure 1. Ultrasound confidence map and elastography images 
of 2D SWE measurements from the posterior wall of the infra-
renal abdominal aorta. (Reprinted by permission of Elsevier from 
“Reproducibility of ultrasound 2D shear-wave elastography 
on abdominal aortic wall” by Alsayegh et al. Ultrasound in 
Medicine and Biology, 2024;50:S30-S31, World Federation for 
Ultrasound in Medicine and Biology Congress).



692                                        S. R. Sultan et al. / International Journal of Biomedicine 15(4) (2025) 690-694

SPSS Statistics (Version 21.0, Armonk, NY: IBM Corp) and 
PRISM 7 (GraphPad Software, La Jolla, CA, USA). Statistical 
significance was set at a P-value ≤0.05.

Results
A total of 50 subjects (24 male and 26 female) with no 

underlying medical conditions were recruited for this study, 
with a mean age of 22.86±5.92 years and a mean BMI of 
23.18±4 kg/m². The mean 2D-SWE measurement of PWoAA 
was 3.87±0.99kPa (Table 1). 

Intra-observer agreement of PWoAA ultrasound 
2D-SWE elasticity measurements was moderate with an ICC 
value of 0.69 (95% CI: 0.56–0.82, P<0.001). Bias in intra-
observer measurements was 0.18±0.92 kPa (95% LoA: -1.62–
1.99) (Figure 2A, B). Similarly, inter-observer agreement 
was moderate with an ICC value of 0.56 (95% CI: 0.22–0.75, 
P=0.002). Bias in inter-observer measurements was -0.02±1.09 
kPa (95% LoA: -2.16–2.11) (Figure 3A, B). There was no 
significant difference in the 2D-SWE measurements of the 
aortic walls, both within the same observer (mean difference 
[MD] 0.17, 95% CI: 0.07–0.44, P=0.16)) and between two 
different observers (MD=0.02, 95% CI: 0.33–0.28, P=0.86) 
(Figure 4). 

Discussion
To the best of the author’s knowledge, this is the 

first study to quantify the local stiffness of the abdominal 
aortic wall using ultrasound 2D-SWE and to evaluate its 
reproducibility in healthy subjects. The analysis revealed 
that the ultrasound 2D-SWE measurement of the infra-renal 
PWoAA is 3.87±0.99kPa, with moderate intra- and inter-
observer agreement. Despite this agreement, there were 
no significant differences in 2D-SWE of PWoAA within or 
between operators These findings suggest that ultrasound 
2D-SWE is a reliable method for assessing the local stiffness 
of the abdominal aortic wall, and that additional work is 
required to improve the reproducibility of this technique for 
measuring arterial wall stiffness and to evaluate its clinical use 
in patients with cardiovascular diseases, including those with 
abdominal aortic aneurysms.

In the present study, the local stiffness of the infra-
renal PWoAA was quantified using ultrasound 2D-SWE, 
revealing a mean stiffness of 3.87±0.99kPa. The shear wave 
speed in meters per second can be converted to the Young’s 
modulus in kilopascals using the formula E=3(vS²•ρ).12 The 
AS reported in our study is notably lower than the findings 

Table 1.
Participant characteristics (n=50).

Characteristics Descriptive statistics 
(mean±SD)

Age (years) 23.86±5.92
Weight (kg) 61.39±12.33
Height (m) 1.62±0.08
BMI (kg/m2) 23.18±4.02
SBP (mmHg) 121.92±12.88
DBP (mmHg) 77.64±10.89
HR (bpm) 76.7±13.80
2D-SWE of PWoAA (kPa) 3.87±0.99

BMI, body mass index; DBP. diastolic blood pressure; HR, heart 
rate; SBP, systolic blood pressure. 

Figure 2. Intra-observer and Bland-Altman agreement 
of 2D-SWE of the posterior wall of the abdominal aorta. 
(Reprinted by permission of Elsevier from “Reproducibility of 
ultrasound 2D shear-wave elastography on abdominal aortic 
wall” by Alsayegh et al. Ultrasound in Medicine and Biology, 
2024;50:S30-S31, World Federation for Ultrasound in Medicine 
and Biology Congress).

Figure 3. Inter-observer and Bland-Altman agreement 
of 2D-SWE of the posterior wall of the abdominal aorta. 
(Reprinted by permission of Elsevier from “Reproducibility 
of ultrasound 2D shear-wave elastography on abdominal 
aortic wall” by Alsayegh et al. Ultrasound in Medicine and 
Biology, 2024;50:S30-S31, World Federation for Ultrasound 
in Medicine and Biology Congress).

Figure 4. Comparison within and between observers in 
measuring 2D-SWE of the posterior wall of the abdominal 
aorta (PWoAA) (mean±SD).
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from a recent study by Elgeti et al.,13 where a value of 19.35 
kPa was found when converting the reported mean stiffness 
value of 2.54 m/s from healthy non-smoker and smoker 
subjects using time-harmonic elastography from the upper 
aorta. The acceleration of aortic stiffening, often associated 
with aging, is further exacerbated by various cardiovascular 
risk factors, such as diabetes, obesity, smoking, and high 
cholesterol.1,13,14 This could explain the different values of AS, 
as the study by Elgeti et al.13 involved an older population than 
ours, which could influence the stiffness measurements due to 
age-related changes in arterial properties. The location where 
AS is assessed may play a critical role in influencing study 
outcomes. As previously mentioned, Elgeti et al.13 focused 
on the upper aorta, whereas our study targeted the infra-
renal (lower) PWoAA. It has been reported that mechanical 
properties of the aorta exhibit significant variation along its 
length, with the ascending and thoracic segments typically 
demonstrating greater stiffness than the abdominal portion due 
to differences in arterial wall composition—specifically, lower 
elastin and higher collagen content in the abdominal aorta, and 
a gradient of increasing stiffness from proximal to distal aorta 
serving as a vital mechanism in mitigating pulsatile flow from 
the heart and safeguarding microcirculation.15-17

Furthermore, the choice of ultrasound transducer 
is critical for optimizing the accuracy and feasibility of 
elastography measurements. Various factors, including 
probe frequency, footprint, size, design, and placement, can 
significantly influence elastography outcomes. Differences in 
shear wave elastography technologies across systems from 
different manufacturers can result in varying measurements 
due to variations in frequencies and the algorithms used to 
determine tissue properties.18,19 Consistency and reproducibility 
in measurements are best achieved by using the same 
ultrasound elastography system.20 In this study, aortic wall 
elasticity for each patient was determined by averaging five 
2D-SWE measurements, with an IQR/median ratio of ≤30%. 
This approach could lower reproducibility. Future studies with 
a lower IQR/median ratio could increase the agreement within 
and between observers. Despite moderate intra- and inter-
observer agreement, we found no significant differences in 
aortic 2D-SWE measurements within or between operators. 
The reproducibility of 2D-SWE in measuring AS can be 
affected by the anatomical segment used for measurement, 
with higher stiffness values and greater variance observed 
in the posterior wall than in the anterior wall.21 The higher 
variance in the posterior wall may be due to lower signal 
quality caused by the larger distance from the transducer, which 
induces more attenuation and presumably more reflections 
and reverberations from the overlying soft tissue.19,22 Together, 
these factors suggest that age differences, cardiovascular risk 
factors, assessment locations, and ultrasound imaging systems 
contribute to the observed variations in AS measurements and 
their reproducibility. Therefore, while SWE shows promise 
for assessing AS, continued research and technological 
improvements are essential for optimizing its reproducibility 
and clinical application.

The current study has limitations that should be 
acknowledged. The inclusion criteria were restricted to young 

healthy adults. This limitation may limit the generalizability 
of the findings to older populations and those with underlying 
medical conditions. Patients with various comorbidities, such 
as hypertension, diabetes, or other chronic conditions, might 
exhibit different levels of AS. In this study, AS was assessed 
using the Philips 2D-SWE system. Therefore, the findings 
may not be directly comparable to those obtained using 
other ultrasound imaging systems. These factors should be 
considered when interpreting the results and their potential 
implications for clinical practice. Further research involving 
diverse populations and multiple ultrasound systems is needed 
to enhance the generalizability and comparability of AS 
measurements.

Conclusion
This study demonstrated that 2D-SWE is a promising 

non-invasive technique for assessing the stiffness of the 
abdominal aortic wall, showing moderate intra- and inter-
observer reproducibility in healthy subjects, with no 
significant differences observed within or between observers. 
Further research is needed to enhance the reproducibility 
of this technique, particularly in clinical settings involving 
larger and more diverse populations, including patients 
with cardiovascular conditions such as abdominal aortic 
aneurysms.
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Abstract
Introduction: Kidney tumors, predominantly renal cell carcinoma (RCC), continue to pose a clinical challenge due to their 
asymptomatic nature in early stages and variable biological behavior. 
Methods and Results: Our retrospective study included 200 patients who underwent surgical treatment for RCC between 2015 
and 2024. Patients were followed at 3, 12, and 24 months using the Eastern Cooperative Oncology Group Performance Status 
(ECOG-PS) scale. Cox regression compared open radical nephrectomy (ORN) and open nephron-sparing surgery (NSS). 
ECOG-PS score increased gradually: baseline (0.07±0.252), 3 months (0.02±0.149), 12 months (0.20±0.505), 24 months 
(0.24±0.570), and 36 months (0.44±0.990) (P<0.01). Kaplan-Meier curves showed better survival for tumors <4 cm. Cox 
regression analysis indicated a lower mortality rate with open NSS (HR = 0.148, 95% CI; 0.019–1.126), although the difference 
was not statistically significant. No significant difference in creatinine levels was observed between groups. 
Conclusion: Patients with smaller renal tumors typically exhibit more favorable survival outcomes than those with larger masses. 
Current trends in kidney tumor management emphasize the use of less invasive surgical techniques, which aim to achieve comparable 
oncologic control while preserving overall renal function.(International Journal of Biomedicine. 2025;15(4):695-699.)
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Introduction
Kidney cancer is the 14th most common cancer worldwide, 

ranking 10th in men and 13th in women.1 Renal cell carcinoma 
(RCC) is the predominant malignant tumor of the kidney, 
accounting for more than 90% of all renal cancers.2 According 
to the American Cancer Society, the average age at diagnosis is 
between 55 and 74.3 Several risk factors that are associated with 

kidney tumors are: smoking, obesity, hypertension, genetics, 
sex, polycystic renal disease, horseshoe kidney, von Hippel-
Lindau syndrome, and Birt-Hogg-Dube syndrome.4 

In the USA, there were 76,080 diagnosed patients 
with renal tumors in 2021, with a projection of over 81,610 
patients in 2024.3 In Europe, overall mortality rates for RCC 
increased up to the early 1990s, before stabilizing or declining 
thereafter.5 The incidence of kidney cancer was highest in 
regions such as North America, Australia, New Zealand, and 
Northern Europe, while the lowest incidence was observed 
in Middle Africa, Melanesia, and South-Central Asia.6 The 
5-year relative survival for kidney cancer in the US is 93% 
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when diagnosed at an early stage, which accounts for about 
two-thirds of cases, with the overall survival for kidney and 
renal pelvis cancers being 75%.7

This study aimed to evaluate treatment outcomes and 
survival in patients surgically treated for RCC. 

Materials and Methods
Our retrospective study included 200 patients who 

underwent surgical treatment for RCC between 2015 and 2024. 
A complete blood count was performed before surgery and 
3, 6, 12, and 24 months after surgery. Results were compared 
for both surgical methods. A post-operative histologic report 
was obtained in all cases. All patients were followed for 3, 12, 
and 24 months to assess their Eastern Cooperative Oncology 
Group Performance Status (ECOG-PS) scores.8 Descriptive 
statistics were initially used to analyze the distribution of 
various clinical variables, including age, gender, symptoms, 
and treatment modality. Logistic regression models, both crude 
and multivariable, were conducted to identify predictors of 
mortality, using variables such as age, low back pain, fever, and 
anemia.

  Repeated measures analysis, specifically Friedman’s 
test, was employed to assess changes in ECOG-PS and 
creatinine levels over time. Kaplan-Meier survival analysis 
was used to estimate survival probabilities over time. Cox 
proportional hazards regression was utilized to evaluate 
the association between surgical modality and survival, 
adjusting for potential confounding factors. A General Linear 
Model (GLM) for repeated measures was used to analyze 
the differences in creatinine levels over time between two 
treatment modalities: open radical nephrectomy (ORN) and 
open nephron-sparing surgery (NSS). The chi-square test was 
used to assess the association between treatment modality, 
creatinine levels, and survival status. The probability value of 
P<0.05 was considered statistically significant.

Results
The median age of the patients was 63 years, with an 

interquartile range (IQR) from 55 to 69 years, representing the 
middle 50% of the distribution. The mean age was 60.66 years 
with a standard deviation of 10.35. 

Table 1 summarizes various clinical and demographic 
characteristics of RCC patients. In terms of treatment modality, 
55.5% underwent ORN, 26.5% had open NSS, 16% had 
laparoscopic radical surgery, and 2% had laparoscopic NSS. 
Regarding gender, 60% were male and 40% were female. 
Incidental diagnosis was present in 73.7% of cases. Low 
back pain was reported by 30.4% of patients. Hematuria and 
palpable mass were present in 26.8% and 13.6% of patients, 
respectively. Anorexia and weight loss affected 15.2% and 
14.7% of patients, respectively. Weakness was reported by 
20.9% of patients. Elevated ESR level, anemia, erythrocytosis, 
and liver dysfunction were present in 43.5%, 22.8%, 2,7%, 
and 2.2% of cases, respectively. Hypertension was present in 
50.3% of patients. Stauffer’s syndrome was observed in 1.1% 
of patients. In terms of tumor size, 27.6% had tumors smaller 

than 4 cm, 38.7% had tumors between 4 cm and 7 cm, and 
33.7% had tumors larger than 7 cm. 

Table 1.
Clinical characteristics of RCC patients.

Variable Frequency (%)*
Modality

ORN
Open NSS
Laparoscopic Radical
Laparoscopic NSS

111 (55.5)
53 (26.5)
32 (16)
4 (2)

Gender
Male
Female

119 (60.7)
77 (39.3)

Incidental Diagnosis
Yes
No

140 (73.7)
50 (26.3)

Low back pain
Yes
No

58 (30.4)
133 (69.6)

Hematuria
Yes
No

51 (26.8)
139 (73.2)

Mass
Yes
No

26 (13.6)
165 (86.4)

Weight Loss
Yes
No

28 (14.7)
163 (85.3)

Fever
Yes
No

7 (3.7)
184 (96.3)

Anorexia
Yes
No

29 (15.2)
162 (84.8)

Weakness
Yes
No

40 (20.9)
151 (79.1)

Anemia
Yes
No

42 (22.8)
142 (77.2)

ESR ↑
Yes
No

73 (43.5)
95 (56.5)

Liver Dysfunction
Yes
No

4 (2.2)
179 (97.8)

Erythrocytosis
Yes
No

5 (2.7)
177 (97.3)

Hypertension
Yes
No

92 (50.3)
91 (49.7)

Stauffer’s Syndrome
Yes
No

2 (1.1)
180 (98.9)

Tumor Size
<4 cm
4-7 cm
>7 cm

50 (27.6)
70 (38.7)
61 (33.7)

*The values for individual parameters may not correspond to the 
total number of individuals examined due to missing data.
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Initially, logistic regression models were tested for 
groups of variables, such as demographic factors, symptomatic 
indicators, and clinical examinations. From these, the most 
likely predictive variables were extracted, focusing on those 
that yielded statistical significance.

In the crude (unadjusted) logistic regression analysis 
predicting death from renal cancer, age was not statistically 
significant (B = 0.032, P = 0.280), with an odds ratio (OR) 
of 1.033 and a 95% confidence interval (CI) of 0.974 – 
1.095. Low back pain was significant (B = 1.350, P = 0.022, 
OR = 3.857, 95% CI: 1.212 – 12.275), anemia approached 
significance (B = 1.117, P = 0.070, OR = 3.056, 95% CI: 0.914 
– 10.217), and fever was highly statistically significant  (B = 
2.848, P = 0.017, OR = 17.250, 95% CI: 1.654 – 179.925).

In the multivariable adjusted logistic regression analysis, 
age became statistically significant (B = 0.076, P = 0.049, OR 
= 1.079, 95% CI: 1.000 – 1.164). However, low back pain 
lost significance (B = 0.627, P = 0.417, OR = 1.873, 95% CI: 
0.411 – 8.526). Fever remained significant (B = 3.432, P = 
0.019, OR = 30.929, 95% CI: 1.766 – 541.686), while anemia 
was not significant (B = 1.143, P = 0.133, OR = 3.135, 95% 
CI: 0.705 – 13.943) (Table 2). 

The independent variable is tumor size, categorized 
into three groups: <4 cm, 4-7 cm, and >7 cm. The Kaplan-
Meier survival plot demonstrates that patients with smaller 
tumors generally have better survival outcomes than those 
with larger tumors. Tumors smaller than 4 cm were associated 
with a significantly lower hazard of death (B = -1.629, P = 
0.036, HR = 0.196, 95% CI: 0.043 – 0.898). Similarly, tumors 
between 4 and 7cm also showed a significantly reduced risk 
of death (B = -1.254, P = 0.015, HR = 0.285, 95% CI: 0.104 
– 0.782) (Table 3). Figure 1 presents the ECOG-PS scores 
over time.

The descriptive statistics for ECOG-PS scores 
over time show that at baseline (m0), the mean score was 
0.07±0.252. At 3 months (m3), the mean score decreased to 
0.02±0.149, while at 12 months (m12), the mean increased to 
0.20±0.505. At 24 months (m24), the mean score was 0.24± 
0.570, and by 36 months, the mean had risen to 0.44±0.990, 
P<0.01 (Table 4).

For patients who underwent open surgery, the mean 
survival time was estimated to be 70.1 months (SE = 2.8, 
95% CI: 64.6 – 75.5). The estimation is limited to the largest 
censored survival time. This Kaplan-Meier curve reflects 
survival outcomes specifically for this subset of patients who 
underwent open surgical procedures. In this Cox regression 
analysis, the hazard ratio of 0.148 (95% CI: 0.019 – 1.126) 
suggested that the risk of death was lower for patients 
undergoing open NSS than for those undergoing ORN; 
however, the result was not statistically significant (Table 5). 
Survival function at the mean of covariates is presented in 
Figure 2.

The Friedman test for creatinine levels across four 
time points (0, 3, 6, and 12 months) revealed a significant 
difference (P=0.038), indicating that creatinine levels changed 
significantly over time (Figure 3). The descriptive statistics 
show that the mean creatinine levels increased slightly from 
0.993 mg/dL at 0 months to 1.115 mg/dL at 12 months, with 
minor fluctuations across the intermediate time points.

Table 2.
Multivariable adjusted logistic regression analysis predicting death 
from RCC.

Predictors B SE Wald df P-value OR 95% CI 

Age 0.076 0.039 3.888 1 0.049 1.079 1.000 – 1.164

LBP 0.627 0.773 0.658 1 0.417 1.873 0.411 – 8.526

Fever 3.432 1.461 5.519 1 0.019 30.929 1.766 – 541.686

Anemia 1.143 0.761 2.253 1 0.133 3.135 0.705 – 13.943

Constant -6.970 2.563 7.393 1 0.007 0.001

LBP, low back pain; B, regression coefficient; SE, standard error; 
Wald, Wald statistic; df, degrees of freedom; OR, odds ratio; CI, 
confidence interval.

Predictor B SE Wald df P-value HR (Exp(B)) 95% CI 

Size <4 cm -1.629 0.776 4.404 1 0.036 0.196 0.043-0.898

Size 4-7 cm -1.254 0.514 5.943 1 0.015 0.285 0.104–0.782

B, regression coefficient; SE, standard error; Wald, Wald statistic; df, 
degrees of freedom; HR, hazard ratio; CI, confidence interval.

Table 3.
Cox regression analysis predicting survival based on tumor size 
(reference: >7 cm).

                     Figure 1. ECOG-PS scores over time.

Table 4. 
Descriptive statistics and Friedman test results for ECOG-PS 
scores over time.

Time Point Mean Std. 
Deviation

Friedman Test 
(Chi-Square)

m0 (Baseline) 0.07 0.252

 
 

P<0.01

m3 (3 months) 0.02 0.149

m12 (12 months) 0.20 0.505

m24 (24 months) 0.24 0.570

m36 (36 months) 0.44 0.990
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The crosstabulation of creatinine levels and event 
outcome (alive vs. dead) reveals that for patients in the non-
risky creatinine group (<1.2 mg/dL), 83.9% were alive, while 
16.1% had died. Similarly, in the risky creatinine group (>1.2 
mg/dL), 81.8% were alive, and 18.2% had died (P=0.7).

Discussion
Staging of renal cell carcinoma based on pathological 

examination and radiographic examination provides 
important prognostic information. Stage I (T1N0M0: tumor 
≤7 cm) and Stage II (T2N0M0: tumor >7 cm) tumors 
are limited to the kidney, whereas Stage III (T3N0, T1-
3N1: tumor invades the renal vein, perinephric tissues, or 
has metastasized to regional lymph nodes) and Stage IV 

(T4NanyM0, TanyNanyM1: tumor extends beyond Gerota's 
fascia or has distant metastases) tumors extend beyond the 
kidney.9 In a study by Kane et al.,10 the 5-year survival rates 
for Stage I and II of RCC were significantly higher (90.4% 
and 83.4%) compared to Stage III and IV (66.0% and 9.1%). 

According to another study, patients with tumors ≤7 
cm had almost twice the 5-year survival compared to those 
with tumors of >7 cm.11 Similarly, our study confirmed this 
association, showing that tumors smaller than 4 cm had around 
an 80% lower risk of death, while those 4–7 cm had around a 
70% lower risk, both compared with tumors larger than 7cm. 
ECOG-PS is one of the most widely recognized prognostic 
indicators in renal cell carcinoma.12,13 In our study, ECOG-PS 
scores improved slightly at 3 months but then gradually and 
significantly worsened over time, confirming its prognostic 
relevance in renal cell carcinoma. Our data indicated a trend 
toward better survival with nephron-sparing surgery. One 
previous study likewise found no disadvantage compared to 
radical surgery, supporting the oncological safety of nephron-
sparing surgery.14 Accurate postoperative prognostic models 
for renal cell carcinoma  are critical for the development of 
personalized surveillance programs and adjuvant therapy 
design.15-17

Study Limitations
This study was conducted at a single center, which may 

limit the generalizability of the results. The retrospective 
design may have introduced bias and influenced the 
outcomes.

Conclusions
The Kaplan-Meier survival plot demonstrates that 

patients with smaller tumors (<4 cm) generally have better 
survival outcomes than those with larger tumors. 

Kidney tumors can be treated with less invasive methods, 
including nephron-sparing surgery, compared to open radical 
nephrectomy, with similar oncologic results.

Today’s trends in kidney tumor treatment focus on less 
invasive surgical techniques with similar oncologic outcomes 
and improved overall kidney function.
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Abstract
Background: Total hip arthroplasty (THA) is one of the most successful health interventions in the last century. However, there 
have been several reports of dissatisfaction with the hip implant. Most modern implants are manufactured based on Western 
morphology. This generalized design may not be suitable for all races, particularly Asians, who tend to have a more petite physique 
and distinct femoral anatomy. 
Methods and Results: This study evaluated the biomechanical properties of a newly developed local hip implant using the Finite 
Element method based on ISO 7206-4, ISO 7206-6, and ASTM F2996-20. The implants were analyzed under static and dynamic 
load, and three different implant materials were used. The results showed that the titanium (Ti6Al4V) implant had the lowest von 
Mises stress, the cobalt-chrome (Co28Cr6Mo) implant had the lowest total deformation, and the stainless steel (SS316L) implant 
had the highest alternating stress and a lower life cycle. All of the materials have more than 1 (>1) safety factor value, which is 
considered safe for implant manufacturing. 
Conclusion: This study offers insights into the performance of various materials under static and dynamic loading conditions, 
demonstrating that all simulated materials are deemed safe for implant manufacturing.(International Journal of Biomedicine. 
2025;15(4):700-703.)
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Introduction
Total hip arthroplasty (THA) is a surgical procedure that 

has a significant impact on restoring the function of damaged 
hip joints and is one of the most successful health interventions 
in the last century.1 Presently, hip joint arthroplasty has a 10-
year success rate and 95% survivorship for patients older 
than 70 years.2 However, despite the long-term stability and 
functionality of the Total Hip Replacement system, a 7% rate 
of dissatisfaction was observed after the THA operation.3 

The configuration of the prosthesis has been recognized 
as a crucial determinant of the contact condition between the 
implant and the bone. Most modern implants are manufactured 

based on Western morphology and surgical standards.4 This 
generalized design template may not be adequate for all races, 
especially Asians, who are reported to have a more petite 
physique and possess smaller femoral anatomy compared to 
Caucasians.5

Institut Teknologi Sepuluh Nopember (ITS), in 
collaboration with the Orthopaedic Department of Dr. Soetomo 
Hospital, has developed a locally manufactured Indonesian 
hip implant (ORTHOHITS), whose design is tailored to the 
Mongoloid race, with a neck offset and neck length shorter 
than those of European brands. This implant is expected 
to offer more precise anatomical accuracy and improved 
biomechanics for Indonesians compared to European brands. 
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Currently, there are no other locally made Indonesian hip 
implants available.6

Biomechanical testing is a critical component in implant 
development, as it not only measures durability but also 
ensures that the implant can function optimally under realistic 
physiological conditions after several years of use without 
failure.7 Numerous studies comparing experimental fatigue 
data with fatigue life simulation analysis have demonstrated 
that Finite Element Analysis (FEA) can accurately depict the 
true stress variations of the hip implant.8-10 This study aimed 
to evaluate the biomechanical performance of ORTHOHITS, 
a newly designed hip implant adjusted for the Mongoloid 
race by FEA. A total of three implant materials were analyzed 
using Finite Element models.

Methods
This study compares the biomechanical properties 

of titanium (Ti6Al4V), cobalt-chrome (Co28Cr6Mo), and 
stainless steel (SS316L) hip implants created locally. The test 
was done in accordance with ISO 7206-4, ISO 7206-6, and 
ASTM F2996-20 standards to provide guidance to implant 
designers during the FEA process for hip implants.11-13 

The ORTHOHITS hip joint implant design (Figure 1) 
was used in this work’s geometrical analysis. Materials used 
in this investigation were stainless steel (SS316L), cobalt-
chrome  (Co28Cr6Mo), and titanium  (Ti-6Al-4V). 

The prototype implant presented in this study is a 
newly designed, collarless, cemented hip implant featuring a 
trapezoidal shape in the proximal region and a rounded stem 
region. Its purpose is to transmit the principal stress applied to 
the bone, which is an important factor for maximum principal 
stress distribution. 

The ORTHOHITS hip joint implant stem length is 
130mm with neck offset 35 mm, neck length 33.6 mm, neck-
shaft angle 135-degrees, and distal stem diameter 5.4 mm. The 
design is based on a standard European THA brand but with 
3mm shorter neck offset, 2-3 mm shorter neck length and 1.5 
mm smaller stem diameter. The femoral head size is 32 mm. 

The analysis method employed in this study is FEA 
using ANSYS Static Structural software. FEA is a numerical 
analysis technique for obtaining approximate solutions to a 
wide variety of engineering problems, ranging from complex 

geometries and numerical solutions to highly complicated 
stress problems.14 

The commercial program Ansys Workbench 2021 R1 
was used to generate the FEA model. Three-dimensional 
tetrahedron meshing was used because this method offers 
flexibility, allowing tetrahedral elements to be used to 
unite three-dimensional volumes regardless of their shape 
or topology. The optimal mesh size was estimated, and the 
highest von Mises stresses remained constant between 3 and 
1 mm of mesh size. We used a 2 mm mesh size for rapid, 
precise, and reliable simulation; the total elements and nodes 
from the 2 mm mesh size are 15.565 and 27.388.

According to ASTM F2996-20, ORTHOHITS hip 
joint implant boundary condition is 90 mm from the head’s 
center because the length of the prosthesis ranges between 
120-15 0mm. Figure 2 shows the boundary conditions for the 
ORTHOHITS hip joint implant simulation.13 

Static, dynamic, and fatigue analysis was performed 
according to ISO 7206-4, ISO 7206-6, and ASTM F2996-20 
standards. The performance and durability of hip implants are 
thoroughly assessed by following ASTM F2996-20 standards 
and simulating loading and boundary conditions relevant to real-
world situations. The hip implant model was loaded vertically 
with a maximum of 2300 N and a minimum of 50 N.11-13

Results
Static FEA was carried out on ORTHOHITS implants 

made of three distinct materials. The von Mises stresses 
induced in the implants and the total deformation obtained 
from the FEA calculations are shown in Table 1. The location 
of the maximum stress and the deformation are shown in 
Figure 3. The following stress distributions were induced in 
the implants: The maximum stress of all implants is located 
at the lower stem region, and the maximum deformation of all 
implants is located at the head. 

Von Mises stresses induced in the titanium implant were 
lower than the stresses induced in stainless steel and cobalt 

Figure 1. ORTHOHITS hip implant design. 

Figure 2. Positioning of the THA implant during simulation.
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chrome implants. The displacement values in cobalt chrome 
are lower than those of other materials (Table 1). 

Considering the stresses induced and the deformation 
that occurred, the results of the statistical analysis are 
equivalent based on the material’s characteristics. Cobalt 
chrome has the highest strength, stiffness, and resistance 
to deformation compared to stainless steel and titanium. It 
is generally stiffer than other materials, making it better at 
withstanding deformation under stress. titanium has a relatively 
low Young’s Modulus of elasticity compared to stainless steel 
and cobalt chrome. This means that it can deform more easily 
under stress, which means that stress can be distributed more 
evenly and peak stress value can be reduced.15-17   

High-cycle fatigue FEA was performed on ORTHOHITS 
implants made of three distinct materials under ISO 7206-
4 standard conditions. The equivalent alternating stress, the 
minimum life cycle of the implant, and the safety factor are 
presented in Table 2. 

To understand the effects of different materials on 
fatigue behavior, three different implant materials were 

assigned to the FEA model, all of the same shape. The fatigue 
stress distribution and safety factor of all studied materials are 
shown in Figure 4.

Discussion
The equivalent alternating stress is one of the most 

critical parameters because it encompasses all fatigue-related 
calculations generally, irrespective of any material properties. 
Altering the characteristics of materials affects not only the 
fatigue alternating stresses but also the distribution of strain 
and displacement in the implants.18,19 The fatigue analysis of 
the ORTHOHITS implant revealed the highest maximum 
stress at 374.66 MPa on the neck and stem region of the 
stainless steel implant. The lowest maximum stress was found 
at 115.86 MPa on the stem region of the titanium implant.

The safety factor is defined as the factor of safety for a 
specific design life; any value below 1 indicates that failure 
has occurred before the intended design life is reached. Based 
on simulation results, all materials’ safety factor values are 
more than 1 (>1): 1.193 (stainless steel), 1.519 (cobalt-
chrome), and 2.905 (titanium). The conclusion is that all of 
the materials are safe for manufacturing the ORTHOHITS 
hip joint implant.20

In this simulation, the hip implant FEA model was 
designed to withstand ISO 7206-4 conditions for 5×106 cycles 
without failure. Though the life cycle of the implants is well 
within the acceptable limit of 5 million, the stainless steel 
material has a significantly lower life cycle than cobalt chrome 
and titanium.11

The static structural results showed that  titanium had 
the lowest von Mises stress at the stem, and cobalt-chrome 
had the lowest total deformation at the head of the implant. 
The material combination for the stem and head of the implant 
may be further studied to identify the optimal combination 
that offers higher factors of safety and lower damage values.21

The fatigue analysis showed that titanium and cobalt-
chrome implants  performed much better than stainless steel 
implants, with lower alternating stress and much higher life 
cycle (1E+11 vs 7.8938E+6). All of the materials have more 
than 1 (>1) safety factor value, which is considered safe for 
implant manufacturing.

 The results provide insights into how different materials 
perform under static and dynamic loading conditions, guiding 
material selection for the implant productions. The real 

Tabel 1. 
Von Mises stress and total deformation for the study implants

Material Von Misses stress
(MPa)

Total deformation
(mm)

Stainless Steel

Cobalt-Chrome

Titanium

225.09

236.81

212.5

0.3566

0.2811

0.4748

Figure 3. Location of maximum (a) Von Mises 
Stress; (b) Total deformation of titanium implant.

Table 2.
Fatigue Analysis Results.

Material Alternating stress
(MPa) Life Cycle Safey Factor

Stainless Steel

Cobalt-Chrome

Titanium

374.66

119.24

115.86

7.8938E+6

1E+11

1E+11

1.193

1.519

2.905

Figure 4. Stress distribution and safety factor: (a) 
stainless steel, (b) cobalt-chrome, (c) titanium. 
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biomechanical testing process for ORTHOHITS hip implants 
still needs to be carried out as validation of the Finite Element 
simulation results.
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Abstract
Background: To date, the molecular mechanisms underlying the occurrence, development, and prognosis of tuberculosis remain 
incompletely understood. The study aimed to identify the host hub involved in tuberculosis. 
Methods and Results: Four gene expression profiles (GSE51029, GSE52819, GSE54992, and GSE65517) were downloaded 
from Gene Expression Omnibus (GEO). First, the selected data sets of the Mycobacterium tuberculosis (MTB) infection group 
and the healthy control group were analyzed through GEO2R, and the genes that met the following conditions: |log FC|> 1 and 
P-values <0.05, are considered differentially expressed genes (DEGs). Secondly, the DEGs shared by the 4 microarray datasets 
were further identified. Next, Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses were 
performed for functional enrichment analysis of these DEGs, the host hub genes were identified by the Cytohubba plugin, and 
module networks in DEG networks were screened by the plugin Molecular Complexity Detection (MCODE). Other bioinformatics 
methods were performed, including protein-protein interaction (PPI) network analysis and the construction of miRNA-hub gene 
networks and transcription factor (TF)-hub gene networks. Finally, the expression of the host hub genes was verified by real-time 
PCR.
Four GEO microarray datasets were integrated, and a total of 46 DEGs were identified. The results of the GO analysis showed 
that the biological functions of DEGs were primarily involved in regulating the immune response process, cytokine/chemokine 
activity, and receptor-ligand activity. DEGs were also significantly enriched in membrane rafts, the mitochondrial outer membrane, 
cytoplasmic vesicle cavities, and nuclear chromatin. KEGG enrichment analysis showed that the NOD-like receptor signaling 
pathway and the Toll-like receptor signaling pathway were 2 important pathways. In addition, 5 highly differentially expressed 
hub genes, STAT1, TLR7, CXCL8, CCR2, and CCL20, were screened out. Finally, based on the NetworkAnalyst database, we 
screened targeted miRNAs and TF of hub genes and found that hsa-miR-335-3p may play a key role in the regulation of these 
hub genes. 
Conclusion: In summary, bioinformatics analyses were used to identify DEGs to find potential biomarkers that may be associated 
with tuberculosis. This study provides a set of candidate DEGs and 5 essential host hub genes that can be potentially useful 
for early detection, prognostic determination, risk assessment, and targeted tuberculosis therapy.(International Journal of 
Biomedicine. 2025;15(4):704-714.)
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Introduction
Tuberculosis (TB) is a chronic infectious disease caused 

by Mycobacterium tuberculosis (MTB), which can involve 
many organs, but pulmonary TB is the most common infection. 
According to the World Health Organization, an estimated 10 
million people worldwide were infected with TB in 2020, of 
whom 7.1 million were newly diagnosed and reported as TB 
cases.1 At the same time, the incidence of TB varies from less 
than 5 to more than 500 cases per 100,000 population per year, 
and TB remains a deadly disease even in developing countries 
with well-established healthcare systems.

Infection with MTB causes clinical signs and symptoms 
when host defense is reduced or cell-mediated allergy is 
increased.2 Respiratory symptoms include cough, sputum, 
hemoptysis, chest pain, varying degrees of chest tightness, 
or dyspnea. Sputum smear microscopy, bacterial culture, and 
MTB isolation are the most traditional, classical, and widely 
used diagnostic tools for TB; however, these tools require a 
significant amount of time, and their accuracy is not high, 
making it difficult to achieve early diagnosis and effective 
treatment of TB patients.3 The tuberculin skin test (TST) is 
widely used to detect latent TB infection; however, IFN-γ 
release assay (IGRA), which relies on in vitro detection of a 
single cytokine induced by MTB-specific antigen, has been 
used as an alternative to the TST in the diagnosis of MTB 
infection.4 However, the TST and IGRA are essentially unable 
to distinguish between active and latent TB infections.5

In recent years, rapidly developing microarray 
technology has been widely utilized to compare gene 
expression levels, predict disease progression, and facilitate 
accurate diagnosis and prognosis evaluations.6,7 With the 
widespread use of gene expression microarray technology, a 
large amount of data has been published on public database 
platforms. The integration of these databases can be used to 
investigate further the molecular mechanisms involved in 
disease. Gene expression microarrays offer a novel approach to 
studying disease-related genes, providing promising prospects 
for molecular prediction, drug-based molecular targeting, and 
molecular therapy.8 Therefore, it is essential to investigate the 
potential molecular mechanisms underlying TB’s biological 
behavior to develop more effective early diagnostic techniques 
with high sensitivity, as well as more reliable and specific 
novel biomarkers to monitor recurrence and assess prognosis. 
There is a strong need to identify new potential diagnostic and 
therapeutic biomarkers for TB patients, which will not only 

provide new insights into the molecular and cellular processes 
involved in pathogenesis but also establish rapid, sensitive, 
and effective methods for diagnosing and treating TB.9

With the development of genomics technology, a 
large amount of data has been generated in the field of TB 
research.10 In this study, we screened the differentially 
expressed genes( DEGs) between the MTB infection group 
and the healthy control group in 4 separate Gene Expression 
Omnibus (GEO) data sets. Then we performed Gene Ontology 
(GO) function enrichment analysis, Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway enrichment analysis, 
and protein-protein interaction (PPI) network construction and 
module analysis. The results of this study may help to explore 
potential targets for the diagnosis and treatment of TB.

Materials and Methods
Microarray Dataset

The GEO database (http://www.ncbi.nlm.nih.gov/geo) 
is a free public genomics database that contains a variety of 
data, including microarray and next-generation sequencing 
data. We used the following keywords to search the GEO 
database: ”tuberculosis”[MeSH Terms] OR tuberculosis [All 
Fields]) AND “Homo sapiens”[Organism]. The inclusion 
criteria of gene expression profile are as follows: The data set 
must include samples of peripheral blood mononuclear cells 
infected with MTB and normal controls; the sample size of 
each data set is not less than 6; there must be enough clinical 
information for analysis.

Based on the above search results, we obtained 4 
microarray data sets from the GEO database (GSE51029, 
GSE52819, GSE54992, and GSE65517). The platform of 
GSE51029 is GPL4133 Agilent-014850 Whole Human 
Genome Microarray 4x44K G4112F (Feature Number 
version), the platform of GSE52819 is GPL6244 [HuGene-
1_0-st] Affymetrix Human Gene 1.0 ST Array [transcript 
(gene) version], the platform of GSE54992 is GPL570 [HG-
U133_Plus_2] Affymetrix Human Genome U133 Plus 2.0 
Array, and the platform of GSE65517 is GPL10558 Illumina 
HumanHT-12 V4.0 expression beadchip. GSE51029 dataset 
includes 27 samples infected with MTB and 27 normal 
samples. GSE52819 includes 3 samples infected with MTB 
and 3 normal samples. GSE54992 includes 9 samples infected 
with MTB and 6 normal samples. GSE65517 includes 3 
samples infected with MTB and 3 normal samples. The 
microarray data set information is shown in Table 1.

Table 1.
Detailed information about the GEO microarray data set for TB patients.

GEO profile Source Case Control Platform  Annotation platform

GSE51029 tuberculosis  27  27 GPL4133  Agilent-014850 Whole Human Genome Microarray 4x44K 
 G4112F

GSE52819 tuberculosis  3  3 GPL6244  Affymetrix Human Gene 1.0 ST Array

GSE54992 tuberculosis  9  6 GPL570  Affymetrix Human Genome U133 Plus 2.0 Array

GSE65517 tuberculosis  3  3 GPL10558  Illumina Human HT-12 V4.0 expression beadchip

http://www.ncbi.nlm.nih.gov/geo
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GPL4133
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GPL6244
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GPL570
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GPL10558
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GPL4133
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GPL6244
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GPL570
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GPL10558
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Identifying Differentially Expressed Genes
The interactive network tool GEO2R is used to analyze 

the gene expression data of the microarray and find DEGs.11 

In this study, the selected data sets of the MTB infection 
group and the healthy control group were first analyzed by 
GEO2R. 

Subsequently, the analysis results are downloaded in 
Microsoft Excel format, and the genes that meet the following 
conditions: |log FC|>1 and P-values<0.05, were considered 
DEGs.12 Finally, we used the FunRich tool (version 3.1.3) to 
show the intersection of DEGs. In addition, we used the R 
language tool (version 4.0.3) corresponding to the software 
R Studio to draw the heat map and correlation circle map 
of DEGs. The gene expression matrix data used to draw 
the heat map and correlation circle map was derived from 
GSE51029.
Function and Pathway Enrichment Analysis of DEGs 

We used Metascape online software for GO analysis 
and KEGG pathway enrichment analysis13 and further 
explored the main biological functions of the identified 
DEGs through functional enrichment analysis based on GO 
and KEGG databases.14 The purpose of GO analysis is to 
identify the characteristic biological features of genes, gene 
products, and sequences, including biological processes 
(BP), cell components (CC), and molecular functions (MF).15 

KEGG pathway enrichment analysis provides a complete 
set of biologically interpreted genome sequence and protein 
interaction network information.16 The CC, BP, and MF 
categories, as well as the KEGG pathway, are classified and 
presented in the form of bubble charts. These bubble charts 
are created based on the p-value using the ggplot2 R software 
package and the statistical software R, where P<0.05 is 
considered statistically significant.
Protein-Protein Interaction (PPI) Network Construction 
and Module Analysis

The Search Tool  for Retrieval of Interacting  Genes 
(STRING) database17 (http://www.string-db.org/) is an online 
tool used to identify and predict interactions between genes 
or proteins. These interactions encompass both physical and 
functional associations, with data primarily derived from 
computational predictions, high-throughput experiments, 
automated text mining, and co-expression networks.18 We 
mapped DEGs to the PPI network and set the interaction 
score>0.4 as a threshold to build a PPI analysis network for 
DEGs. Analysis of DEGs in the context of protein interactions 
can help clarify the biochemical complexes or signal 
transduction components that control biological output,19 
and PPI analysis is very important to explain the underlying 
molecular mechanisms of key cell activities in pathogenicity.9

Next, we used Cytoscape software (version 3.7.2) to 
visualize the PPI network of DEGs. Each node in the network 
is a gene, protein, or molecule. The connections between nodes 
represent the interaction of these biological molecules, which 
can be used to identify genes that are differentially expressed 
and pathway relationships between the proteins encoded by 
DEGs.8 Subsequently, the modules of the PPI network were 
screened through the plugin MCODE in Metascape online 
software and Cytoscape software.20 The default parameters are 

as follows: degree cutoff=2, node score cutoff=0.2, k-score=2, 
and max. Depth=100. Finally, Cytohubba serves as another 
plugin for Cytoscape.21 Eleven methods (among which MCC 
shows satisfactory performance) were used to study the 
important nodes in the network, and the first 5 genes were 
selected as the target central genes.
Construction of miRNA-Hub Gene Networks and TF-Hub 
Gene Networks

NetworkAnalyst is a comprehensive network 
visualization analysis platform for gene expression analysis.
The NetworkAnalyst network tool is used to find TFs of central 
core genes and construct TF-hub gene regulatory networks.22 
We analyzed MiRNA or TF controlled gene expressions 
under defined disease conditions through interaction with 
target genes during the post-transcriptional stage.23,24 We also 
applied NetworkAnalyst (https://www.net workanalyst.ca/) 
to integrate miRNA databases.25 In the study, the targeted 
miRNAs of hub genes were defined based on the positive 
results from at least 3 miRNA-target prediction databases. 
The targeted TF of hub genes were defined according to the 
positive results of the ENCODE database (http://cistrome.
org/BETA/).26,27 Finally, we visualized the target miRNA-hub 
gene and TF-hub gene networks using Cytoscape software.
Confirm Expression by Real-Time PCR 

THP-1 is the most important immune cell line 
to investigate TB defense, antigen presentation, and 
phagocytosis. This cell line was selected for our experiment.28 
During the stimulation phase of cell culture, the standard 
strain MTB H37Rv was used to infect macrophages induced 
and differentiated from human THP-1 monocytes in vitro.29 

Trizol reagent was used to extract total RNA from cells at 24h, 
48h, and 72h, respectively.

According to the manufacturer’s protocol, we used 
the PrimeScript RT kit (Takara, Dalian, China) to reverse 
transcribe total RNA into cDNA and use SYBR Premix Ex Taq 
II (2×) to perform real-time PCR on the CFX96 PCR detection 
system (BioRad, California, USA). The configuration system 
and sample addition operations were performed on ice, and 2 
replicate wells were made for detecting the target genes and the 
internal reference gene of each sample. The reaction volume of 
25 µL contains 12.5 µL SYBR® Premix Ex Taq II (Tli RNaseH 
Plus) (2×), 1 µL forward primer, 1 µL reverse primer, 1 µL 
cDNA template, and 8.5 µL RNase-free dH2O.The amplification 
conditions are as follows: 95°C for 15 s, then 40 cycles, in which 
the denaturation process at 95°C lasts for 5 s, and the annealing 
process at 58.5°C lasts for 30 s. SYBR® TB Green Premix 
PCR mix and primers specific to our target gene were used to 
amplify the target region effectively. The 2-ΔΔCT method was 
used to calculate gene relative expression and perform statistical 
analysis.30,31 The primer sequences are shown in Table 2, and the 
β-actin gene was used as an internal reference gene.
Statistical Analysis

The data are presented as the mean ± standard deviation 
(SD). GraphPad PRISM version 8.0 (GraphPad Software, Inc., 
San Diego, CA) was used to perform statistical calculations and 
prepare graphs. The inter-group comparisons were performed 
using an unpaired 2-tailed Student’s t-test. The probability 
value of P<0.05 was considered statistically significant.
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Results
Microarray Data Information and Identification of 
Candidate DEGs

The 4 microarray expression datasets, GSE51029, 
GSE52819, GSE54992, and GSE65517, were obtained from 
the GEO database. The above data sets were uploaded to 
GEO2R and standardized (Figure 1) to screen DEGs between 
the TB patient group and the normal control group and create 
a volcano map of the distribution of these DEGs in 4 data sets. 
The differential expression of multiple genes in the 2 sets of 
sample data in each array is shown in Figure 2.

In the GSE51029 data set, 5182 DEGs were obtained, 
including 1024 up-regulated genes and 4156 down-regulated 
genes. In the GSE52819 data set, 1959 DEGs were obtained, 
including 1044 up-regulated genes and 915 down-regulated genes. 
In the GSE54992 data set, 7461 DEGs were obtained, including 
3918 up-regulated genes and 3543 down-regulated genes. In the 

GSE65517 data set, 2604 DEGs were obtained, including 1337 
up-regulated genes and 1267 down-regulated genes.

According to the criteria of |log FC|> 1 and P-values 
<0.05, we used FunRich software to display the intersection 
of DEGs in the 4 microarray expression data, a total of 46 
overlapping genes were found (Figure 3A), which were 
regarded as candidate DEGs and used for further analysis. We 
used the pheatmap software package in R Studio to visualize 
the heat map of 46 DEGs (Figore 3B). It is worth mentioning 
that by using the corrplot and circlize software packages in 
R Studio to visualize 46 DEGs, the generated correlation 
circle graph can show the correlation of multiple genes in one 
picture (Figure 3C). The outer circle represents genes, and the 
line between the 2 genes represents the correlation coefficient. 
Positive correlation is shown in red, and negative correlation 
is shown in green. The darker the color, the more significant 
the correlation.

Gene Forward Reverse Purification way
STAT1 ATGCTGGCACCAGAACGAATGAG TCACCACAACGGGCAGAGAGG PAGE
TLR7 ACCAACTGACCACTGTCCCTGAG TCGCAACTGGAAGGCATCTTGTAG PAGE
CCL20 AACAGCACTCCCAAAGAACTGG GCAGAGGTGGAGTAGCAGCA PAGE
CCR2 CCAACGAGAGCGGTGAAGAAGTC CGAGTAGAGCGGAGGCAGGAG PAGE
CXCL8 ACTTTCAGAGACAGCAGAGCACAC CACACAGTGAGATGGTTCCTTCCG PAGE
β-actin TGGCATCCACGAAACTACCT CAATGCCAGGGTACATGGTG PAGE

Table 2.
Primer sequence used in Real-Time PCR.

Figure 1. Standardization of gene expression.
(A) The standardization of GSE51029 data, (B) the standardization 
of GSE52819 data, (C) the standardization of GSE54992 data, 
and (D) the standardization of GSE65517 data. The green bars 
represent the normalized data for the healthy control group, and 
the blue bars represent those for the TB infection group.

Figure 2. Differential expression trends of data between two 
sets of samples.
(A) GSE51029 data, (B) GSE52819 data, (C) GSE54992 data, 
and (D) GSE65517 data.  The red points represent up-regulated 
genes screened based on |fold change| >1.0 and a corrected 
P-value of <0.05. The green points represent downregulation 
of gene expression, screened based on |fold change| >1.0 and 
a corrected P-value of <0.05. The black points represent genes 
with no significant difference.
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Enrichment Analysis of GO and KEGG Pathways 
Enrichment analysis is the core of most existing gene 

annotation portals.32 In the enrichment analysis process, 
the input gene list is compared with thousands of gene sets, 
which are defined by their participation in specific BP, protein 
localization, enzyme functions, pathway members, or other 
characteristics. We used RSQLite, org.Hs.eg.db, clusterProiler 
and other software packages in R software to analyze and 
visualize the GO function and KEGG pathway enrichment of 
46 DEGs. The results are shown in Figure 4.

The top 20 most important items of enrichment analysis 
are illustrated in the form of bubble diagrams. The size and 
color of the bubbles indicate the number of DEGs and the 
importance of enrichment in the enrichment analysis of GO and 
KEGG pathways, respectively. The first 5 important terms of 
GO enrichment analysis indicate that in the BP category, DEGs 
participate in the defense response to the virus, the regulation 
of the immune response process, the cellular response to 
interferon-γ, the regulation of the innate immune response, and 
the mediation of the chemokine signaling pathway (Fig. 4A). 
For the MF category, DEGs are related to cytokine receptors, 
cytokine activity, G protein-coupled receptor binding, receptor 
ligand activity, and signal receptor activator activity (Fig. 4B). For 
the CC category, DEGs are significantly enriched in membrane 
rafts, mitochondrial outer membrane, cytoplasmic vesicle cavity, 
endocytic vesicles, and nuclear chromatin (Fig. 4C).

Figure 3. Selection of candidate DEGs, hierarchical clustering 
heatmap, and corCircos.
(A) Venn diagram for overlapping differentially expressed 
genes (DEGs) based on the four datasets, namely, GSE51029, 
GSE52819, GSE54992, and GSE65517. (B) The hierarchical 
clustering heatmap data derived from GSE51029: red indicates 
relatively up-regulated gene expression, and blue indicates 
relatively down-regulated gene expression. (C) Circos shows 
the relationships among multiple genes in a single picture. The 
positive correlation is shown in red, and the negative correlation 
is shown in green.

Figure 4. Bubble map for GO and KEGG pathway analyses of DEGs. 
(A) Top 20 biological process (BP) terms, (B) Top 20 molecular functions (MF) terms, (C) Top 20 cellular components (CC) terms, and 
(D) Top 20 Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways. The horizontal axis represents the significance of enrichment 
(denoted by Gene Ratio; the larger the value, the more significant the enrichment), and the vertical axis represents the GO terms 
enriched. The dot size and depth indicate the number of DEGs contained in the GO terms and the degree of the rich factor enrichment, 
respectively. We selected the top 20 GO terms according to Gene Ratio.
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For KEGG pathway enrichment analysis, the first several 
important KEGG pathways of DEGs include the NOD-like 
receptor signaling pathway, influenza A, chemokine signaling 
pathway, COVID-19, Toll-like receptor signaling pathway, 
and NF-kappa B signaling pathway. To illustrate the position 
and significance of DEGs in the pathway in detail, based on 
KEGG enrichment analysis, the pathview software package in 
R Studio was utilized to visualize the 46 DEGs identified. The 
pathway diagrams are stored as the attached files.

PPI Network Construction Analysis and Host Hub Gene 
Selection

PPI network analysis has been regarded as a useful tool 
for exploring biological responses in health and disease.33 

According to the STRING database and Cytoscape software, 
46 DEGs are located in the PPI network complex, including 
46 nodes and 83 edges. The PPI enrichment p-value is less 
than 1.0e-16, and the confidence score is greater than 0.4. 
Finally, Cytoscape is used to visualize the PPI network of 
these DEGs 34 (Figure 5). After deleting isolated and partially 
connected nodes, a complex PPI network was successfully 
constructed (Figure 5A).

The online software Metascape applies the mature 
complex recognition algorithm MCODE, which can 
automatically extract protein complexes embedded in large-

scale networks.35 It is worth mentioning that Metascape 
has obvious advantages in PPI network module analysis 
and GO enrichment analysis36 and can directly obtain 
relevant data. We use Cytoscape to visualize the module 
analysis results generated by Metascape. The MCODE 
plugin of the latter filters the module network within the 
PPI network again (Figure 5B-C), and the options are set 
as default parameters. Host hub genes are a series of genes 
that play a vital role in diversified BP, and other genes are 
usually regulated by these hub genes.37 As another plugin 
in Cytoscape, Cytohubba utilizes maximal clique centrality 
(MCC) to identify key nodes in the network and select the 
most relevant genes as target hub genes.38 In this study, the 
top 5 hub genes with the highest degree of interaction were 
identified (Figure 5D), including STAT1 (Signal transducer 
and activator of transcription 1-alpha/beta), TLR7 (Toll-
like receptor 7), CXCL8 (C-X-C motif chemokine ligand 
8), CCR2 (C-C chemokine receptor type 2), CCL20 (C-C 
motif chemokine 20).

Construction and Analysis of the miRNA-Hub Gene 
Network and TF-Hub Gene Network 

NetworkAnalyst was used to screen targeted miRNA 
and TF for hub genes.39 For these 5 identified hub genes, 
the top 3 miRNA-targeted DEGs are TLR7, regulated by 39 
miRNAs, CXCL8, regulated by 36 miRNAs, and STAT1, 
regulated by 19 miRNAs. The miRNA that controls the 
largest number of hub genes (3 genes) is hsa-mir-335-5p 
(Figure 6A), and other important miRNAs are shown in 
Table 3. Unfortunately, when the selected 5 core genes were 
imported into the ENCODE of the TF database, only 2 of 
them could be analyzed: CCL20, regulated by 39 TFs, and 
CCR2, regulated by 2 TFs (Figure 6B).

Figure 5. Protein-protein interaction (PPI) network of 
differentially expressed genes and identification of hub genes. 
(A) PPI network of differentially expressed genes (DEGs). (B) 
Network of enriched terms of differentially expressed proteins 
colored by cluster ID. Each node represents an enriched term 
and is colored by its cluster ID. Nodes that share the same 
cluster ID are typically close to each other. (C) MCODE 
components identified in the PPI interaction network. Each 
node represents a gene, and different colors represent 
different MCODE components. (D) Subnetwork of the top 
five hub genes from the PPI network. Node color reflects the 
degree of connectivity (Red color represents a higher degree, 
and yellow color represents a lower degree).

miRNA Hub genes targeted
 by miRNA

Gene 
count

Betweenness 
Centrality

hsa-mir-335-5p CXCL8, CCR2, CCL20 3 0.21933622

hsa-mir-93-5p CXCL8, TLR7 2 0.0620336

hsa-mir-106a-5p CXCL8, TLR7 2 0.0620336

hsa-mir-203a-3p CXCL8, STAT1 2 0.05025596

hsa-mir-146a-5p CXCL8, STAT1 2 0.05025596

hsa-mir-150-5p TLR7, STAT1 2 0.11976912

hsa-mir-155-5p CXCL8, STAT1 2 0.05025596

hsa-mir-302c-3p CXCL8, TLR7 2 0.0620336

hsa-mir-302d-3p CXCL8, TLR7 2 0.0620336

hsa-mir-520b CXCL8, TLR7 2 0.0620336

Table 3.  
MiRNAs and its target genes.
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Verifying the Expression Levels of Hub Genes by Real-
Time PCR

To verify the accuracy of the prediction results, this 
study utilized real-time PCR to detect the mRNA expression 
levels of the 5 host hub core genes at 24-, 48-, and 72 hours 
after MTB infection of the cells. At least 3 biological replicates 
were performed for each experiment. The results showed that 
the expressions of core genes are generally consistent with 
the heat map results derived from the gene expression matrix 
(GSE51029_series_matrix) data. Specifically, compared 
with the PBS group, the mRNA expression levels of STAT1, 
CCL20, and CXCL8 in the MTB group were all up-regulated 
at 3 time points (Figure 7A-C), while the mRNA expression 
levels of TLR7 and CCR2 at all 3 time points showed down-
regulation (Figure 7D-E).

Discussion

TB is an infectious disease that seriously harms human 
health. It is caused by MTB, a bacterium that is parasitic in 
macrophages.40 As an intracellular pathogen, MTB largely 
depends on its ability to compromise the host’s innate immune 
defense system, specifically the macrophage.41 As the human 
body’s first line of immune defense, macrophages can kill 
MTB through phagocytosis, oxidative stress, acidification, and 
antigen presentation.42 Therefore, the bioinformatics research 
on macrophages stimulated by MTB is particularly important.

The method of bioinformatics helps analyze the 
expression of key genes to reveal the potential molecular 
mechanisms underlying the biological behavior of TB, 
providing novel insights for elucidating the pathogenesis of 
the disease. Microarray technology enables us to investigate 
host genetic changes and gene expression associated with 
TB and has proven to be a valuable method for identifying 
new biomarkers in other diseases.43 In this study, 4 GEO 

microarray data sets (GSE51029, GSE52819, GSE54992, 
and GSE65517) were integrated to identify DEGs between 
PBMC of TB patients and healthy people to offset the 
false positive rate in the analysis of independent data sets. 
According to the criteria of |log FC|> 1 and P-values <0.05, 

Figure 6. Regulatory networks of miRNA-hub gene and TF-hub gene. 
The networks of (A) miRNA-hub gene and (B) TF-hub gene. The red or purple circle nodes are the hub 
genes, and the blue diamond nodes are the miRNAs and the TF.

Figure 7. The expression levels of relevant gene mRNA 
analyzed by Real-Time PCR, comparing the MTB infection 
group with the control group. 
(A-C) STAT1, CCL20, and CXCL8 were demonstrated to be 
upregulated in the MTB group compared to the PBS group 
at 24, 48, 72 hours. (D-E) TLR7 and CCR2 were shown to 
be downregulated in the MTB group compared to the PBS 
group at 24, 48, and 72 hours. Data represent mean±SD 
(n=3). Asterisks denote: **P<0.01indicates significance. The 
yellow color represents the MTB group, and the blue color 
represents the PBS group.
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this study used FunRich software to display the intersection 
of DEGs in the four-microarray expression data and found 
a total of 46 overlapping DEGs that can be considered as 
candidates. The GO function and KEGG pathway enrichment 
analysis, PPI network analysis, and core gene selection were 
carried out successively, followed by the construction of 
target gene-miRNA networks and target gene-TF networks, 
and the verification of core gene expression at the mRNA 
level.

According to the results of GO enrichment analysis, in 
the BP category, DEGs are primarily involved in regulating 
immune effect processes, IFN-γ-mediated signaling 
pathways, nicotinamide nucleotide biosynthesis processes, 
NAD biosynthesis processes, and chemokine-mediated 
signaling pathways. Studies have shown that in the case of 
initial infection, macrophages will encounter MTB before 
being stimulated by the Th1 cytokine IFN-γ.44 However, 
only after stimulation with IFN-γ can the antibacterial ability 
and antigen presentation function of macrophages be fully 
activated.45 For the MF category, DEGs are associated with 
cytokine/chemokine receptor binding, cytokine/chemokine 
activity, G protein-coupled receptor binding, receptor ligand 
activity, and signal receptor activator activity. MTB induces 
host pro-inflammatory mediators that play a crucial role 
in disease control;46 among these, chemokines are small 
molecular-weight proteins involved in immune regulation and 
inflammation.40 For the CC category, DEGs are significantly 
enriched in membrane rafts, mitochondrial outer membrane, 
cytoplasmic vesicle cavity, endocytic vesicles, and nuclear 
chromatin. KEGG enrichment analysis showed that the NOD-
like receptor signaling pathway and the Toll-like receptor 
signaling pathway are 2 important pathways associated with 
TB. Innate immune cells utilize various pattern recognition 
receptors, including Toll-like receptors, C-type lectin 
receptors, and NOD-like receptors, to respond to pathogen 
components and perform a range of biological functions.47,48 

Studies have shown that experimental models of TB have 
highlighted the importance of TLRs in preventing MTB.49 

Additionally, antigen recognition by NOD-2 (nucleotide-
binding oligomerization domain 2), a member of the NOD-like 
receptor family, is also crucial in conferring immunity against 
bacteria and viruses.50,51 This suggests that the coordinated 
triggering of TLRs and NOD-2 may lead to a stronger and 
lasting immune response, thereby limiting the growth of 
MTB.52

By constructing a PPI network and analyzing it with 
MCODE and Cytohubba in Cytoscape, 5 core genes were 
identified. Studies have reported that in the early stage of TB 
infection, STAT1 can promote the activation of downstream 
apoptotic factors through phosphorylation,53 thereby activating 
transcription. At the same time, STAT1 is also crucial in 
promoting the polarization of macrophages into the M1 
phenotype. Polarized M1 macrophages can eliminate MTB 
infection more effectively than polarized M2 macrophages.54 

It is reported that after ssRNA upregulates TLR7, the number 
of MTB in macrophages is significantly reduced, and the 
macrophage viability is significantly increased, indicating 
that TLR7 can effectively inhibit the growth of MTB and 

improve the viability of macrophages.42 Kane et al.55 found 
that fibroblasts, through their CXCL8-dependent contribution 
to cell recruitment and mycobacterial killing in granulomas, 
have a previously unrecognized role in regulating TB 
inflammation. In the study by Dunlap et al.56 the mouse 
model provided evidence that the CCR2 axis is essential 
for protective immunity against the emerging MTB lineage 
infection. Another report showed that CCL20 is overexpressed 
in monocytes infected by MTB and inhibits the production of 
reactive oxygen species (ROS).57

To study the molecular mechanisms of potential core 
gene disorders, it is necessary to identify potential miRNAs 
using bioinformatics methods. The miRNA is an endogenous, 
non-coding RNA molecule with a length of 18-22 nucleotides 
that targets the 3’ untranslated region of a gene. It can regulate 
gene expression at the post-transcriptional level by degrading 
or inhibiting the translation of target genes.58 miRNAs are 
known to regulate gene expression post-transcriptionally by 
either inhibiting protein synthesis or targeting mRNA for 
degradation.59 Increasing evidence suggests that miRNAs are 
closely linked to the development and progression of cancer 
and other major diseases. In this study, the top 3 targeted DEGs 
in the miRNA gene network were CXCL8, TLR7, and STAT1. 
At the same time, we observed 10 miRNAs and found that 
their targeting involves at least 2 core genes. Among them, the 
miRNA that controls the largest number of core genes is hsa-
mir-335-5p; however, there are currently few studies related to 
it. One study found that the gain and loss of hsa-miR-335-3p 
function can lead to changes in the expression of GATA4 and 
NKX2-5, 2 cardiac differentiation markers, during the cardiac 
differentiation of human embryonic stem cells.60 In addition, 
hsa-miR-335-3p has been identified as an upstream regulator 
of 2 modules related to the recurrence of osteosarcoma 
patients.61 The results of bioinformatics analysis found that 
hsa-mir-335-5p has high potential as a new biomarker. This 
study also established a hot TF-hub gene regulatory network 
to further explore the molecular mechanism of TB.62 TF is 
the primary regulator of gene expression and is associated 
with the pathogenesis of TB. In our study, we also found 
some TFs that interact closely with hub genes (MLX, TFDP1, 
RXRA, ZNF197, GMEB2, TRIM22). The complex interaction 
between TF and hub genes has made a huge contribution to the 
development of the disease. Our study analyzed the miRNA/
TF interactions of hub genes, providing a possibility to 
predict potential therapeutic agents and explore the potential 
mechanisms of TB. Therefore, our results lay the foundation 
for further research.

Conclusion
In summary, our study identified DEGs through 

bioinformatics analysis to discover potential biomarkers that 
may be related to the progression of TB. The study provides 
a set of candidate DEGs and 5 important hub genes. These 
results can provide a basis for screening candidate drugs 
and biomarkers for the diagnosis of TB and can be used 
for future research on the molecular mechanism. However, 
further studies, including cell and animal experiments, are 
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needed to elucidate the functions of DEGs in physiological 
and pathological processes. In the future, in-depth exploration 
of molecular mechanisms of new hub genes is required in 
TB, and related experimental models can be constructed based 
on these genes for early detection, prognosis judgment, risk 
assessment, and targeted TB therapy.
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Abstract
Introduction: Cucurbitacin IIa (CuIIa), one of the most important active components of Cucurbitaceae plants, has a wide range 
of pharmacological effects. However, the mechanisms underlying its effects on Lyme neuroborreliosis (LNB) remain unclear. This 
study aimed to elucidate the potential mechanisms of CuIIa activity against LNB. 
Methods and Results: Potential CuIIa targets were obtained from the Pharmmapper, Swiss Target Prediction, and Batman-
Traditional Chinese medicine databases. LNB-associated genes were obtained from OMIM, GeneCards, and DisGeNET. Disease-
drug intersection targets were identified using Venny. Protein-protein interaction (PPI) networks were constructed using STRING. 
Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses were done on 
the Database for Annotation, Visualization, and Integrated Discovery (DAVID). A drug-target-pathway-disease network was 
constructed and Autodock software was used to verify molecular docking between active ingredients and the core targets. Finally, 
the key targets were experimentally validated.
A total of 574 CuIIa targets and 73 LNB-associated genes were identified, and 13 genes were common between the 2 groups. By 
constructing a PPI network for key targets, the top 10 core target genes were MMP9, TNF, ALB, CTSG, TGFB1, CCL2, IL4, CRP, 
CCL3, and CCL5. GO functional enrichment and KEGG pathway analyses identified 118 entries and 110 pathways, respectively. 
Molecular docking results showed that CuIIa binds to key important targets in the core network with high affinity. Validation 
analyses of the key targets, CCL2 and CCL5, showed that CuIIa decreased their expression in a concentration-dependent manner. 
Conclusion: This study revealed the potential mechanism of CuIIa activity against Lyme neuroborreliosis. Our preliminary 
findings using molecular docking modeling and experimental validation provide a basis for future clinical CuIIa applications.
(International Journal of Biomedicine. 2025;15(4):715-721.)
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Introduction
Lyme disease (LD) is a zoonotic disease caused by the 

Borrelia burgdorferi (Bb) infection, which is transmitted 
through tick bites.1 In the early stage of LD, Bb can cross 
the blood–brain barrier and enter the central nervous system. 
Due to its high neurotropism, Bb can remain in the central or 
peripheral nervous system for an extended period, causing 
various neuropathies. Neurological manifestations are reported 
in up to 12% of patients with LD.2 Lyme neuroborreliosis 

(LNB) is an infectious disease of the nervous system caused 
by Bb infection.2 The first case of LNB was reported in 1922 
by Garin and Bujadoux, who described a patient in France who 
developed meningitis and erythema after being bitten by a tick.2 
Later, many cases with similar complications were reported, 
often presenting with meningitis, myelitis, painful radiculitis, 
cerebral palsy, and headache, with severe cases progressing to 
facial paralysis and dementia. The most common neurological 
symptoms of LNB are painful meningoencephalitis (Bannwarth 
syndrome) and lymphocytic meningitis.2 Lyme disease is 
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mainly treated with antibiotics. Treatment with doxycycline or 
amoxicillin for 14–21 days is recommended for patients with 
early or early spread without nervous system involvement. Up 
to 28 days of antibiotic therapy are recommended for cases 
involving the central nervous system.3,4 Although early LD 
can be successfully treated with doxycycline or amoxicillin, 
advanced LD can be refractory to antibiotic treatment when 
accompanied by arthritis and neurological symptoms. About 
10% of LD patients experience persistent symptoms that do not 
resolve for several months after one or more rounds of antibiotic 
therapy.5 Thus, more effective treatments for insensitive LNB, 
including anti-inflammatory drugs and especially antibiotics, 
are urgently needed.

Cucurbitacin IIa (CuIIa), a tetracyclic triterpenoid 
compound, is a key active component of the plant species 
Cucurbita. Yunnan people use the root of snow bile tuber to treat 
various diseases, including dysentery, enteritis, bronchitis, and 
acute tonsillitis. CuIIa has various effects, including lowering 
fever, detoxification, antibacterial, and anti-inflammatory 
properties.6,7 Studies have shown that CuIIa also exhibits 
anti-hepatitis B virus effects, inhibits HIV replication, and 
possesses antidepressant properties.8 Using high-performance 
liquid chromatography, a study of the antidepressant effects of 
CuIIa showed that it can cross the blood–brain barrier.9 CuIIa-
containing drugs, which have high developmental value, have 
been used clinically in China, and they can modulate a variety 
of signaling and metabolic pathways.

With the availability of large datasets and advances 
in artificial intelligence, systems biology-based network 
pharmacology has emerged as a valuable tool for studying the 
mechanisms of action of drugs. Using network pharmacology, 
multivariate drug–target–pathway–disease interaction 
networks can be constructed, and topological analysis of such 
networks can reveal the mechanisms of drug action against 
diseases.10 In this study, we employed network pharmacology 
to uncover novel potential strategies for LNB treatment. We 
predicted the mechanisms of CuIIa activity against LNB, 
screened for potential CuIIa targets, and subsequently carried 
out experimental validation.

Materials and Methods
Flowchart of the network pharmacology analysis 

Prediction of Potential CuIIa Targets
The 2D structure of CuIIa was obtained from PubChem 

(https://pubchem.ncbi.nlm.nih.gov/),11 saved in SDF file 
format. It was imported into the SwissTargetPrediction (http://
www.swisstargetprediction.ch/) database to select the species 
Homo sapiens and the top 100 targets. Import PharmMapper  
(http://www.lilab-ecust.cn/pharmmapper/index.html) database 
and select Human Protein Targets Only, number of Reserved 
Matched Targets (Max 1,000). 300 targets were selected 
for prediction.12,13 Moreover, the BATMAN-TCM database 
(http://bionet.ncpsb.org/batman-tcm/) was used to identify 
potential CuIIa targets14 using scores of >5 and P<0.05 as cutoff 
thresholds. Finally, the potential targets identified using the 
three databases were combined.

Prediction of LNB-Associated Genes
Next, to identify LNB-associated genes, DisGeNET 

( S c o r e > 0 . 0 1 ) ( h t t p s : / / w w w. d i s g e n e t . o rg / h o m e / ) , 
GeneCards(Relevance score≥mean value) (http://www.
genecards.org/), and OMIM databases (https://omim.org/) 
were searched for disease-associated targets using “Lyme 
neuroborreliosis” as the keyword.15-17 The potential targets 
identified from the three databases were then combined.
Target Gene Annotation

Potential CuIIa targets and LNB-associated genes were 
annotated on UniProt (https://www.uniprot.org/).18

Identification of Intersection Targets
Genes that were common between the CuIIa target and 

the LNB-associated lists were identified using Venny 2.1.0 
(https://bioinfogp.cnb.csic.es/ tools/venny /index.html).19

Construction of a PPI Network of the Key Genes and 
Identification of Hub Genes

To determine the relationship between the intersecting 
target proteins, the key genes that may mediate the effects of 
CuIIa on LNB were subjected to protein-protein interaction 
(PPI) network analysis using STRING (https://cn.string-db.
org/) with a reliability threshold of >0.4 as the cutoff.20 Next, 
the network was visualized using Cytoscape (3.8.0).The top 
10 interacting genes were then identified as hub genes and 
visualized using the Cytoscape CytoHubba plugin.21 

GO and KEGG Pathway Enrichment Analysis
The intersection genes of the LNB treatment by CuIIa were 

imported into DAVID (https://david.ncifcrf.gov/) and subjected 
to GO and KEGG pathway enrichment analyses. 22 The GO and 
KEGG pathway enrichment results were then visualized using 
the “clusterProfiler” package in R (version 4.1.3), utilizing bar 
graphs and bubble plots.

Construction of the Drug–Target–Pathway–Disease 
Network Map

A drug–target–pathway–disease network was 
constructed to elucidate the synergistic mechanisms of the 
multi-target and multi-pathway effects of CuIIa against LNB. 
The top 20 KEGG pathways and the 12 co-regulatory targets 
associated with the pathways were selected for network file 
creation. They were then imported into Cytoscape (3.8.0) for 
network visualization.

Figure 1. Schematic representation of the network pharmacology 
strategy used to predict the mechanisms of CuIIa activity against LNB.

https://pubchem.ncbi.nlm.nih.gov/
http://www.swisstargetprediction.ch/
http://www.swisstargetprediction.ch/
http://www.lilab-ecust.cn/pharmmapper/index.html
https://www.disgenet.org/home/
http://www.genecards.org/
http://www.genecards.org/
https://omim.org/
https://www.uniprot.org/
https://bioinfogp.cnb.csic.es/tools/venny/index.html
https://cn.string-db.org/
https://cn.string-db.org/
https://david.ncifcrf.gov/
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Molecular Docking

Based on the degree value, two key target proteins were 
selected from the top five targets in the PPI network and used for 
molecular docking analysis with corresponding drugs, which 
also included three positive drugs: doxycycline, ceftriaxone, 
and cefotaxime. Through the PubChem database (https://
pubchem.ncbi.nlm.nih.gov/), access to medicines, 2D structure, 
and application of OpenBabel software into 3D structure,11,23 
select the core target proteins of the human species with high 
resolution in the Protein Data Bank (PBD) database (https://
www.rcsb.org/), and download the 3D model structure of the 
proteins.24 Pymol 2.4.0 software was then used to remove water 
molecules and ligands from the core proteins. The completed 
core protein receptor and drug ligand files were imported into 
AutoDock Tools 1.5.7, a molecular docking software used 
to determine the rationality of target genes, and subjected to 
hydrogenation and charge calculation analyses using AutoDock 
4.25 The above two files were converted into. pdbpt format and 
imported into Autodock for molecular docking analysis of the 
interaction between drugs and the core proteins. The analysis 
results were then visualized using Pymol 2.4.0 software.26

Experimental Validation of the Key Targets
Cell culture
CuIIa was purchased from Yunnan Yizhihao 

Pharmaceutical Co. Because astrocytes are the most abundant 
cells in the central nervous system, the astrocyte cell line U251 
was selected for the validation experiments. The U251 cells 
were obtained from Kunming Institute of Zoology, Chinese 
Academy of Sciences, Kunming, China, and cultured in DMEM 
(Gibco) supplemented with 10% fetal bovine serum, 100 U/mL 
penicillin, and 100 μg/mL streptomycin in a humidified incubator 
at 37 ℃, 5% CO2. To count cells, cell suspensions were mixed 
with trypan Blue at a 1:1 ratio, and the cells were counted using 
a Countstar cell counter. The U251 cells were seeded into 6-well 
plates at a density of 4×105 cells/well (in 2 mL) and treated with 
the negative control (PBS), Bb, Bb+1 μM CuIIa, Bb+25 μM 
CuIIa, and Bb+50 μM CuIIa for 6, 12, and 24 hours. The cells 
were then lysed using RNAiso Plus reagent (TaKaRa) and stored 
at -80 °C until RNA extraction. Cell culture supernatants were 
collected and stored at -20 °C until ELISA was carried out.

RT-qPCR
Total RNA was extracted from cells using the RNAiso 

Plus reagent (TaKaRa, Japan) according to the manufacturer’s 
instructions. A PrimeScript RT Reagent Kit (TaKaRa, Japan) 
with a gDNA eraser was used for cDNA synthesis, following 
the manufacturer’s protocol. RT-qPCR analysis was done using 
SYBR Premix Ex Taq (TaKaRa), and relative gene expression 
was determined using the 2-ΔΔCt method (Livak method) using 
GAPDH as the reference gene. Primer sequences are shown 
in Table 1.

ELISA 
The effect of CuIIa on CCL2 expression was analyzed 

using ELISA and a human CXCL2 ELISA kit (Wuhan Eliret 
Biotechnology Co, LTD) according to the manufacturer’s 
protocol, followed by absorbance (450 nm) reading on a Bio-
Rad microplate reader (Model 680, BioRad Laboratories, Inc, 
Hercules, CA, USA).

Statistical Analyses
Statistical analyses and mapping were done using 

GraphPad Prism 8.4.3. Data are presented as mean ± 
standard error of the mean, and differences between groups 
were compared using two-way ANOVA. P<0.05 indicates 
statistically significant differences.

Results
Prediction of Relevant Action Targets

Potential CuIIa Targets
The 2D structure of CuIIa was obtained from PubChem 

(Figure 2A). Potential CuIIa drug targets were predicted on 
SwissTargetPrediction (100 targets) and PharmMapper (412 
targets), and targets were transformed on UniProt. A total of 
183 potential drug targets were predicted using the BATMAN-
TCM database. Combining the factors identified from the 
three databases found 632 common potential drug targets.

LNB-Associated Genes
LNB-associated genes were obtained from DisGeNET 

(11 genes), GeneCards (60 genes), and OMIM (11 genes). 
Combining the genes identified from the results of the three 
databases found 73 common LNB-associated genes (Figure 2).

Identification of Intersection Targets
To identify key genes that may underlie the effects of 

CuIIa against LNB, the intersection between the potential 
CuIIa targets and LNB-associated genes was determined 
using Venny 2.0.1 (Figure 2B). This analysis identified 13 
(1.9%) intersection genes (ALB, GSR, MMP9, PPIA, CTSG, 
GPI, TGFB1, CCL2, CCL5, CRP, TNF, CCL3, and IL4). 

Construction of the PPI Network

To determine the relationships between the 13 
intersection genes, we subjected them to PPI network analysis 
using STRING (Figure 3A). The nodes on the PPI network 
represent the proteins, whereas the different colors of the edges 

Table 1. 
Table of primer sequences for qPCR.

Gene Forward primer (5’–3’) Reverse primer (5’–3’)

CCL2 GCAGCAAGTGTCCCAAAGAA TCCTGAACCCACTTCTGCTT

CCL5 TGGGTTCGGGAGTACATCAA AAGAGCAAGCAGAAACAGGC

GAPDH AGCCTTTCCTTGTCCTCCAA CAATGCCAGGGTACATGGTG

Figure 2.  The 2D structure and potential targets of CuIIa. The 
2D structure of CuIIa (A). A Wayne diagram of the intersecting 
potential CuIIa targets (B).
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indicate various types of protein interactions. Thicker edges 
indicate stronger protein interactions. This analysis revealed 
that the PPI network consisted of 13 nodes and 46 edges, with 
an average node degree of 7.08 and an average local clustering 
coefficient of 0.859.

GO and KEGG Enrichment Analysis Results
A total of 118 results were obtained from the GO 

enrichment analysis, including 96 biological processes 
(BP), 10 cellular components (CC), and 12 molecular 
functions (MF) (Figure 3B). The BP terms were enriched for 
lipopolysaccharide-mediated signaling pathway, protein kinase 
B signal, cell response to organic cyclic compounds, MAPK 
cascade activation, monocyte chemotaxis, inflammatory 
response, positive regulation of monocyte migration, immune 
response, positive regulation of ERK1 and ERK2 cascade, and 
positive regulation of cell migration. The CC terms were mainly 
enriched for extracellular fluid, extracellular region, ficolin-1-
rich granule lumen, extracellular body, and platelet α lumen. 
The MF terms were mainly enriched for cell surface, secretory 
granules, macromolecular complexes, secretory granule lumen, 
and blood particles.

KEGG analysis identified a total of 110 enriched 
pathways, and the top 20 were selected for further analysis 
(Table 2). These pathways were mainly associated with IL-17, 
TNF, MAPK, senescence in diabetic complications, Toll-like 
receptor, Nod-like receptor, and chemokine signaling pathways. 
A channel bubble map was made using R, with the bubble size 
corresponding to the number of genes and the bubble’s color 
indicating the magnitude of the P-value (Figure 3C).
Hub Genes for CuIIa Treatment of LNB

The 10 genes (ALB, MMP9, CTSG, TGFB1, CCL2, 
CCL5, CRP, TNF, CCL3, and IL4) were identified as the PPI 
network’s hub genes using the Cytoscape plugin cytoHubba 
(Figure 4A).

Construction of a CuIIa–Target–Pathway–LNB Network
The 12 key targets from the 20 main signaling pathways 

and the major components of their mappings were visualized 
on Cytoscape 3.8.0, followed by the construction of a “CuIIa–
target–pathway–LNB”. This analysis identified 34 nodes (1 

drug, 1 disease, 12 protein targets, and 20 pathways) and 105 
edges (Figure 3D).

Molecular Docking Results
Molecular docking is a widely used method in 

drug discovery for predicting ligand–target interactions.27 

Because molecular docking can also be used to estimate the 
ligand–receptor binding free energy by evaluating the key 
phenomena involved in intermolecular recognition, it can 
elucidate molecule–target binding modes and affinities.28 
This study employed a molecular docking approach to 
validate the core targets CCL2 and CCL5, as identified by 
network pharmacology, for their binding to core proteins. 
Because ligands and receptors bind at lower energies, the 

Figure 3. The CuIIa–target pathway and CuIIa-LNB 
interaction network. PPI network diagram (A). GO enrichment 
analysis results (B). The top 20 pathways identified through 
KEGG enrichment analysis are shown as bubble maps (C). 
The CuIIa–target–pathway–LNB network (D).

Table 2.
The top 20 KEGG pathways. 

Pathway P-value Related genes

Rheumatoid arthritis 0.00000491 CCL2, CCL3, CCL5,
TGFB1, TNF

Chagas disease 0.00000711 CCL2, CCL3, CCL5,
TGFB1, TNF

Cytokine-cytokine
receptor interaction 0.00002311 IL4, CCL2, CCL3, CCL5,

TGFB1, TNF

Lipid and atherosclerosis 0.00013398 MMP9, CCL2, CCL3,
CCL5, TNF

IL-17 signaling pathway 0.00022879 IL4, MMP9, CCL2, TNF

Viral protein interaction
with cytokine and cytokine
receptor

0.00027478 CCL2, CCL3, CCL5, TNF

TNF signaling pathway 0.00038389 MMP9, CCL2, CCL5, TNF

Malaria 0.00195561 CCL2, TGFB1, TNF

Human cytomegalovirus
infection 0.00290129 CCL2, CCL3, CCL5, TNF

Inflammatory bowel
disease 0.00328409 IL4, TGFB1, TNF

Leishmaniasis 0.00457921 IL4, TGFB1, TNF

AGE-RAGE signaling
pathway in diabetic
complications

0.00761674 CCL2, TGFB1, TNF

Amoebiasis 0.00791437 CTSG, TGFB1, TNF

Toll-like receptor signaling
pathway 0.00821724 CCL3, CCL5, TNF

Fluid shear stress and
atherosclerosis 0.01434047 MMP9, CCL2, TNF

Hepatitis B 0.01917171 MMP9, TGFB1, TNF

Influenza A 0.02122703 CCL2, CCL5, TNF

NOD-like receptor
signaling pathway 0.02435339 CCL2, CCL5, TNF

Chemokine signaling
pathway 0.02636753 CCL2, CCL3, CCL5

Diabetic cardiomyopathy 0.02924612 GSR, MMP9, TGFB1
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more conformationally stable they are, the likelier they are 
to interact. The molecular docking analysis revealed that in 
CCL2, CuIIa formed one hydrogen bond with ARG-328 and 
two hydrogen bonds with GLU-335 and LYS-326, at a binding 
energy of -4.82 kcal/mol. The binding energy between CuIIa 
and CCL5 was -5.86 kcal/mol. The binding energies of the 
active chemical components to the key target proteins were all 
less than -4 kcal/mol. The binding energy of CuIIa with CCL2 
and CCL5 was higher than that of the three positive drugs 
(Table 3), indicating that the compound has stable receptor 
binding activity. The docking pattern maps between CuIIa and 
the CCL2 and CCL5 proteins were visualized using the Pymol 
software (Figure 4).

Analysis of the mRNA Levels of the Key Targets, CCL2 
and CCL5

RT-qPCR analysis revealed that after 24 hours of 
treatment, the mRNA levels of CCL5 and CCL2 in U251 cells 
were significantly higher in the Bb group when compared with 
the negative control group (Figure 5B–C), indicating that 
Bb significantly upregulated CCL2 and CCL5 levels. When 
compared with the Bb-treated group, treatment with CuIIa 
significantly suppressed the expression of CCL5 and CCL2 
in a dose-dependent manner (P<0.01 and P<0.05). ELISA 
revealed that Bb significantly increased the protein levels of 
CCL2 in U251 cells, and CuIIa significantly reduced CCL2 
protein levels in a dose-dependent manner when compared 
with the Bb group (P<0.01 and P<0.05). These results are 
consistent with the findings from network pharmacology. 

Discussion 
Currently, LNB treatment is difficult because of poor 

antibiotic efficacy and post-treatment Lyme disease syndrome 
(PTLD). In some patients, PTLD is associated with persistent 
cognitive dysfunction, fatigue, and fibromuscular pain after 
antibiotic therapy. Moreover, clinical trials indicate that long-
term antibiotic therapy does not appear to benefit patients with 
PTLD.2,29 Infectious Diseases Society of America guidelines do 
not recommend additional antibiotic therapy for patients with 
persistent or recurrent nonspecific symptoms, such as fatigue, 
pain, or cognitive impairment, following the recommended 
Lyme disease treatment unless there is objective evidence of 
reinfection or treatment failure.30 CuIIa has various effects, 
including antibacterial, anti-inflammatory, and anti-tumor 
activities.7,31 Our unpublished data indicate that CuIIa was 
effective at alleviating Lyme disease symptoms. In this study, 
we employed network pharmacology to investigate further the 
mechanism underlying the effects of CuIIa against LNB.

To our knowledge, this is the first study to investigate 
CuIIa targets against LNB using network pharmacology and 
molecular docking analyses. The network pharmacology 
results suggest that CuIIa may improve LNB through its effects 
on several key genes, including MMP9, TNF, ALB, CTSG, 
TGFB1, CCL2, IL4, CRP, CCL3, and CCL5, as well as the 
modulation of various pathways, including IL-17, TNF, MAPK, 
aging, Toll-like receptor, nodal-like receptor, and chemokine 
signaling pathways. LNB pathogenesis is not fully understood, 
and immune-mediated neuroinflammation is thought to be 
the leading cause of LNB-associated nerve injury. Our GO 
enrichment analysis revealed that BPs were primarily enriched 
for inflammatory response, immune response, and monocyte 
chemotaxis, while MFs were enriched mainly for cytokine 
activity, chemokine activity, and protein kinase activity, 
suggesting that inflammatory responses play a crucial role in 
LNB. Recent studies have suggested that TLR activation and 

Table 3. 
Docking results of core components and core target proteins.

Core element
Binding energy (kJ/mol)

CuIIa Doxycycline Ceftriaxone Cefotaxime

CCL2 -4.82 -1.71 -2.69 -0.72

CCL5 -5.86 -3.54 -1.19 -2.73

Figure 4. An illustration of the docking between CuIIa and 
the CCL2 and CCL5 proteins. Schematic diagram of the 
three-dimensional morphology of CuIIa docking with the 
target proteins (A). Schematic diagram of the docking site 
bonds between CuIIa and the target proteins (B). Schematic 
diagram of the docking site energy bonds of CuIIa with target 
proteins (C). Hydrogen bonds are represented by yellow 
dotted lines, with the length indicated around the lines.

Figure 5.  Hub genes of hosts infected with Bb infection and 
experimental validation. Top 10 Hub genes (A). Effect of CuIIa 
on CCL2 and CCL5 mRNA levels and CCL2 protein levels in the 
human astrocyte cell line, U251. U251 cells were treated with Bb 
(Multiplicity of infection =10), PBS (negative control), and three 
drug combination groups (Bb+1 μM CuIIa, Bb+25 μM CuIIa, 
and Bb+50 μM CuIIa) for 6, 12, and 24 hours. The mRNA levels 
of CCL2 and CCL5 (B–C) and the CCL2 protein concentrations 
are shown (D). Values represent means ± standard error of the 
mean (* and ** indicate P <0.05 and <0.01, respectively. 
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the resulting production of pro-inflammatory chemokines and 
inflammatory cytokines may drive LNB inflammation.32 CuIIa 
may exert anti-inflammatory effects by regulating the TLR 
pathway. Additionally, it has also been shown that the anti-
inflammatory effects of CuIIa are closely associated with the 
mitogen-activated protein kinase (MAPK) pathway.7 

Among the key targets identified in this study, we focused 
on CCL2 and CCL5, which are closely associated with LNB 
inflammation and may contribute to the progressive exacerbation 
of the LNB inflammation. Characteristic monocyte infiltration is 
often observed in the cerebrospinal fluid of patients with LNB; 
however, the mechanism of their recruitment remains unclear.2,33 
Elevated CCL2 and CCL5 expression have been observed in 
the cerebrospinal fluid of LNB patients and in an animal model 
of Bb-induced mouse arthritis.34 It has been demonstrated that 
chemokine levels, such as CCL2, CCL5, and CCL9, can induce 
monocytes and other immune cells to infiltrate inflammatory 
tissues, thereby exacerbating the progression of Lyme disease.35 
Therefore, we selected CCL2 and CCL5 for experimental 
validation. To this end, we infected the human astrocyte cell 
line, U251, with Bb and treated them with a negative control 
and three drug treatment groups. RT-qPCR and ELISA analyses 
revealed that Bb upregulated CCL2 and CCL5, whereas CuIIa 
suppressed their expression in a concentration-dependent 
manner. These observations suggest that CuIIa might mediate 
its effects against LNB by targeting CCL2 and CCL5. These 
preliminary findings highlight a potential strategy for treating 
antibiotic-unresponsive patients with LNB or PTLDS.

Conclusion
This study reveals the potential mechanism of CuIIa 

against Lyme disease. A total of 574 CuIIa targets and 73 LNB-
related genes were identified. By constructing PPI networks 
of key targets, the top 10 core target genes were MMP9, TNF, 
ALB, CTSG, TGFB1, CCL2, IL4, CRP, CCL3, and CCL5. GO 
enrichment and KEGG pathway analysis identified 118 portals 
and 110 pathways, respectively. Molecular docking results 
show that CuIIa binds key and important targets in the core 
network with high affinity. Confirmatory analyses of key targets 
CCL2 and CCL5 showed that CuIIa reduced their expression in 
a concentration-dependent manner.
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Abstract
Background: The use of narcotic substances among minors represents an increasing public health concern in Albania and globally, 
carrying significant physical and mental health consequences. The goal of this study was to provide clinical and epidemiological 
evidence of psychoactive substance use among minors to inform national policy, optimize preventive strategies, and enhance 
therapeutic frameworks tailored to youth at risk in Albania.
Methods and Results: This study employed a retrospective observational design and was conducted at the Clinical Toxicology 
Service of the University Hospital Centre “Mother Teresa” in Tirana. The study included all patients who were treated for confirmed 
or suspected of intoxication by psychoactive substances from January 1, 2020, to December 31, 2024. Data were collected from 
clinical records and included types of substances used, treatment provided, and demographic factors. A total of 1,032 patients were 
treated for psychoactive substance intoxication. Among them, 27 (2.6%) were minors (<18 years), while 1,005 (97.4%) were adults. 
Among minors, 25 (92.6%) were male and 26 (96.3%) resided in urban areas. The majority of minors, 18(66.7%), lived in Tirana 
prefecture. Among minors, cannabis was the most prevalent substance used (37.0%), followed by opioids (22.2%), polysubstances 
(22.2%), and cocaine (18.5%). No alcohol-only intoxications were recorded among minors. A significantly higher proportion of 
minors had cannabis-related intoxication than did adults (37.0% vs. 5.7%), while cocaine use was more common among adults 
(39.1% vs. 18.5%). These differences were statistically significant (P<0.001). 
Conclusion: This study highlights the urgent need to address narcotic substance use among minors in Albania. Strengthening 
national surveillance systems and integrating mental health services into prevention efforts will be key to protecting vulnerable 
populations and shaping effective policy responses.(International Journal of Biomedicine. 2025;15(4):722-726.)
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Introduction
The use of narcotic substances among minors represents 

an increasing public health concern in Albania and globally, 
carrying significant physical and mental health consequences. 
Adolescence is a critical developmental stage characterized by 
neurobiological and psychosocial vulnerabilities that increase 
susceptibility to experimentation with psychoactive substances. 
Initiation of drug use during this period can lead to significant 
short- and long-term consequences, including academic 

underachievement, cognitive impairments, psychiatric 
disorders, and substance dependence in adulthood.1,2

Globally, early-onset substance use is associated with 
increased risk of chronic addiction, criminal behavior, and 
socio-occupational dysfunction in adulthood.3,4 In Europe, 
approximately 11% of 15-year-olds have used cannabis 
at least once, with higher rates reported among boys than 
girls, according to the 2024 European Drug Report 2024, 
published by the European Monitoring Centre for Drugs and 
Drug Addiction (EMCDDA).5 Despite modest reductions 
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in prevalence in some Western European nations over 
the past decade,6,7 the availability of illicit drugs remains 
widespread. Adolescents today are increasingly exposed to 
a broader spectrum of psychoactive substances, including 
synthetic cannabinoids, nitrous oxide, and novel psychoactive 
substances, many of which are potent and poorly understood.8,9

In Albania, adolescent substance use remains 
understudied. According to the European School Survey 
Project on Alcohol and Other Drugs  (ESPAD) reports, 
cannabis use among Albanian high school students increased 
from 5% in 2011 to 7% in 2015, which is below the European 
average but likely underreported due to stigma and limited 
screening practices.10,11 Clinical observations and isolated 
toxicology reports suggest a rise in adolescent admissions due 
to psychoactive substances, raising concern over the actual 
burden of this issue on the national health system.

Cannabis is the most frequently used illicit substance 
among minors and is associated with a range of health 
complications, including cannabinoid hyperemesis syndrome, 
neurocognitive deficits, cardiovascular symptoms, and mental 
health disturbances such as depression and anxiety.12-14 

Cocaine, though less commonly used, carries a higher risk 
of acute toxicity and is associated with significant alterations 
in adolescent brain development, impulse regulation, 
and addiction potential.15,16 These effects are particularly 
concerning given the heightened plasticity and vulnerability 
of the adolescent brain.

The risks of substance use are further exacerbated in 
adolescents with pre-existing psychiatric disorders, trauma 
history, or familial substance use.17 Studies also suggest that 
early drug exposure is correlated with impaired educational 
attainment, juvenile delinquency, and risky sexual behavior.18,19  
Preventive efforts are often hampered by a lack of structured 
national surveillance and the absence of targeted public health 
campaigns addressing adolescents specifically.

Although international literature has extensively 
addressed substance abuse in adolescents,20-22 regional and 
country-level studies, especially in the Balkans, are limited. 
Several case series and retrospective analyses have focused 
on adolescent poisoning, cannabis-induced psychosis, and 
polydrug toxicity in minors from Turkey, Serbia, and North 
Africa.15 Such studies underscore the clinical relevance and 
global resonance of substance abuse in youth, but they also 
highlight the pressing need for Albania-specific data to guide 
local interventions.

This study seeks to address this research gap by analyzing 
data from minors treated for substance use at the Clinical 
Toxicology Service of the University Hospital Centre “Mother 
Teresa” (Tirana). The goal of this study was to provide clinical 
and epidemiological evidence of psychoactive substance use 
among minors to inform national policy, optimize preventive 
strategies, and enhance therapeutic frameworks tailored to 
youth at risk in Albania.

Materials and Methods
This study employed a retrospective observational 

design and was conducted at the Clinical Toxicology Service 

of the University Hospital Centre “Mother Teresa” in Tirana, 
the only national tertiary-level facility in Albania providing 
specialized care for substance abuse, intoxication, and 
overdose.
Study Population

The study included all patients who were treated for 
confirmed or suspected of intoxication by psychoactive 
substances from January 1, 2020, to December 31, 2024. 
Cases were identified through medical records, and patients 
with incomplete documentation or intoxications unrelated to 
psychoactive substances were excluded.
Data Collection

Clinical and demographic data were extracted from 
medical records using a standardized data extraction form 
completed by trained clinical staff. The variables included age, 
sex, residence, type of substance used, route of administration, 
clinical symptoms, diagnostic confirmation (when available, 
via urine or blood test), treatment interventions, and patient 
outcomes.
Statistical Analysis

Statistical analysis was performed using the statistical 
software package SPSS version 21.0 (Armonk, NY: IBM 
Corp.). Categorical variables were expressed as frequencies 
and percentages. Comparisons between minors (<18 years) 
and adults (≥18 years) were performed using Chi-square tests 
or Fisher’s exact tests when appropriate. The probability value 
of P ≤ 0.05 was considered statistically significant.

Results
A total of 1,032 patients were treated for psychoactive 

substance intoxication at the Clinical Toxicology Service from 
January 1, 2020, to December 31, 2024 (Table 1). Among 
them, 27 (2.6%) were minors (<18 years), while 1,005 (97.4%) 
were adults. The mean age of the entire cohort was 33.4 years 
(range: 10-84.9 years). Among minors, 25 (92.6%) were male 
and 26 (96.3%) resided in urban areas. The majority of minors, 
18 (66.7%), lived in Tirana prefecture.

 Analyzing the annual trend (Table 2), we found that 
patient admissions increased throughout the five-year study 

Table 1. 
Demographic characteristics of study participants.  

Variable  Number Percentage 
Gender

Females 
Males  

67
965

6.5
93.5

Age
<18 years 
≥18 years 

27
1005

2.6
97.4

Residence
Rural
Urban 

37
995

3.6
96.4

Region
Tirana 
Other regions 

564
468 

54.7
45.3

Total 1032 100.0
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period. In 2020, there were 92 (8.9%) cases, followed by 158 
(15.3%) in 2021, 205 (19.9%) in 2022, 263 (25.5%) in 2023, 
and 314 (30.4%) in 2024. This steady rise suggests a growing 
burden of substance-related intoxications over time.

Table 3 presents a comparative analysis of substance-
related problems among minors and adults. For each substance 
category, the prevalence rates are reported alongside the χ² 
test values and corresponding P-values, indicating whether 
statistically significant differences exist between the two age 
groups. 

Across all age groups, the most commonly abused 
substance was cocaine [398 (38.6%)], followed by opioids 
[299 (29.0%)], polysubstance use [248 (24.0%)], cannabis 
[67 (6.5%)], and alcohol [20 (1.9%)]. Among minors, 
cannabis was the most prevalent substance used [10 (37.0%)], 
followed by opioids [6 (22.2%)], polysubstances [6 (22.2%)], 
and cocaine [5 (18.5%)]. No alcohol-only intoxications were 
recorded among minors. A significantly higher proportion 
of minors had cannabis-related intoxication than did adults 
(37.0% vs. 5.7%), while cocaine use was more common among 
adults (39.1% vs. 18.5%). These differences were statistically 
significant (P<0.001). 

Regarding alcohol-related problems, none of the minors 
reported such issues (0.0%) whereas 2.0% of adults did. The 
Chi-square test showed no statistically significant difference 

between the two groups (χ²=0.552, P=0.458), suggesting that 
alcohol use problems are similarly uncommon across both age 
groups in this sample.

In the case of opioid-related problems, 22.2% of minors 
reported use compared to 29.2% of adults. Although there is 
a numerical difference, it was not statistically significant (χ²= 
0.641, P=0.423), indicating that opioid use may affect both 
minors and adults at relatively similar rates within the studied 
population.

 In contrast, a statistically significant difference 
emerged about cocaine-related problems. Among minors, 
18.5% reported issues, whereas this figure rose to 39.1% 
among adults. The Chi-square test confirmed this difference 
as statistically significant  (χ²=6.196, P=0.013), implying that 
adults are considerably more likely to experience problems 
related to cocaine use than are minors.

These findings emphasize the importance of age-
specific intervention strategies, particularly in addressing the 
notably higher prevalence of cocaine-related issues among 
adults, while continuing to monitor emerging trends among 
youth.

Discussion
This study provides clinical and epidemiological 

insights into the use of psychoactive substances among minors 
in Albania, based on data from the only national tertiary-level 
toxicology service. Although minors represented a small 
fraction of patients (2.6%), their clinical profiles and substance 
use patterns reveal critical public health concerns.

Our findings show that cannabis was the most 
commonly used substance among minors (37.0%), followed 
by opioids (22.2%), multi-drug combinations (22.2%), 
and cocaine (18.5%). These results align with the broader 
European trends reported by EMCDDA in 2024,3 which 
identify cannabis as the most prevalent illicit substance 
among adolescents across the continent. Moreover, similar 
patterns were observed in studies conducted in the UK by 
Fitzsimons & Villadsen in 202123  and in Western Balkan 
countries, such as Kosovo and North Macedonia, where 
cannabis and synthetic drug use among adolescents remains 
widespread.

The high percentage of minors presenting with cannabis-
related intoxication is consistent with evidence that cannabis 
is often perceived as a low-risk drug by adolescents, despite its 
association with adverse mental and physical health outcomes. 
Previous research has shown that adolescent cannabis use is 
linked to increased risk of psychosis, depression, cannabinoid 
hyperemesis syndrome, and cardiovascular complications.7,8 

Our results reinforce these concerns, especially in the context 
of the increasing availability of high-potency cannabis 
products.

Cocaine use among minors (18.5%) in this study is 
particularly alarming, exceeding national estimates from 
ESPAD,5 which reported a 2.5% usage rate among Albanian 
adolescents. This may reflect both increased accessibility and 
underreporting in national surveys. The neurodevelopmental 
risks associated with adolescent cocaine use, including 

Table 2.
Annual trends in substance abuse in the study population. 

Year Number Percentage 

2020 92 8.9

2021 158 15.3

2022 205 19.9

2023 263 25.5

2024 314 30.4

Total 1032 100.0

Table 3.
Distribution of different types of substance abuse by age groups.  

Substance Abuse <18 years 
n (%)

≥18 years 
n (%) χ² P-value

Alcohol-related problems 0 (0.0%) 20 (2.0%) 0.552 0.458

Opioid-related problems 6 (22.2%) 293 (29.2%) 0.641 0.423

Cocaine-related problems 5 (18.5%) 393 (39.1%) 6.196 0.013

Cannabis-related problems 10 (37.0%) 57 (5.7%) 40.169 <0.001

Mixed drug problems 6 (22.2%) 242 (24.1%) 0.046 0.83
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impaired cognitive control, addiction vulnerability, and 
psychiatric comorbidities, have been well documented in 
studies from Caffino et al.9 and Ryan.10 The presence of these 
cases in a clinical setting underscores the need for urgent 
intervention strategies.

Another concerning finding is that over 22% of 
minors were intoxicated by multiple substances. Polydrug 
use among adolescents increases the likelihood of 
unpredictable drug interactions, overdose, and severe 
withdrawal symptoms. This pattern mirrors findings from 
studies in North America and Europe showing a rise in 
combined use of stimulants, opioids, and alcohol among 
youth.2,24 While this study contributes valuable data, several 
limitations must be acknowledged. Its retrospective nature 
restricts causal inference, and the sample may not be fully 
representative of the national adolescent population, given 
that it only includes hospital-based cases. Nevertheless, the 
strength of the study lies in its use of standardized clinical 
data from the only toxicology referral center in Albania, 
offering reliable insights into the most severe cases of 
adolescent substance use.

Conclusion
This study highlights the urgent need to address 

narcotic substance use among minors in Albania. Although 
representing a small proportion of clinical admissions, the 
presence of serious intoxication cases among adolescents 
signals broader public health challenges related to early 
drug initiation, particularly involving cannabis, cocaine, and 
drug combination use. Also, the data of the hospitalization 
has enabled an important conclusion that the main part of 
adults between the ages of 30 and 40 years who use drugs  
started drug abuse at a young age.  Early identification, 
school- and community-based prevention programs, and 
stronger coordination between healthcare, education, and 
law enforcement institutions are critical for mitigating 
long-term risks and reducing the burden of substance abuse 
among youth. Strengthening national surveillance systems 
and integrating mental health services into prevention efforts 
will be key to protecting vulnerable populations and shaping 
effective policy responses.
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Abstract 
Background: Burn injuries reduce skin protection and immune responses, making them a global health issue. Among the most 
prevalent opportunistic bacteria in burn wounds is Pseudomonas aeruginosa, which is drug-resistant and produces biofilms. This 
study investigated biofilm-associated virulence genes, antibiotic susceptibility, and the link between gene expression, biofilm 
production, and antibiotic resistance.
Methods and Results: Burn patients hospitalized in Baghdad between June and August 2024 provided 120 burn swabs.  P. 
aeruginosa isolates were identified using biochemical tests and the VITEK-2 system. Susceptibility to antibiotics was determined 
using the Kirby-Bauer disk diffusion technique and interpreted in accordance with the 2024 CLSI criteria. A microtiter plate test 
was used to quantify the production of biofilm at an optical density (OD) of 570 nm. The algD, pelA, and pslA genes were detected 
by PCR. P. aeruginosa has been verified in 57 (47.5%) of the isolates. Of them, 91.2% were resistant to ceftazidime, 87.7% to 
imipenem, 73.7% to gentamicin, and 61.4% to ciprofloxacin. MDR was detected in 63.1% of isolates. In 49.1%, 35%, and 15.9% 
of the isolates, biofilm development was strong, moderate, and weak, respectively. The algD, pelA, and pslA genes were detected 
in 86.0%, 68.4%, and 59.6% of the isolates, respectively. A clear relationship was observed between these genes and biofilm 
production and resistance patterns.
Conclusion: The results in our study support a robust link between biofilm production, antibiotic resistance, and genes related to 
biofilm production by P. aeruginosa isolated from burn sites. Implementing gene-targeted techniques and optimal combination 
treatment may greatly enhance infection management and patient outcomes in burn care facilities.(International Journal of 
Biomedicine. 2025;15(4):727-730.)
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Introduction
Burn accidents are unfortunately very common and affect 

many individuals all over the world. Burns destroy the skin’s 
protective barrier, leading to decreased local and systemic 

immune responses and creating an environment susceptible to 
microbial colonization and infection.1,2 P. aeruginosa is known 
as a prevalent opportunistic bacterium responsible for severe 
burn wound infections, which are frequently linked with more 
extended hospitalization and higher morbidity.3 This Gram-
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negative bacterium demonstrates a wide range of virulence 
characteristics, including biofilm formation, production of 
exotoxins, and development of exoenzymes, which contribute 
to its persistence and toxicity in burn wounds.4 P. aeruginosa 
biofilm development is a major pathogenicity mechanism, 
allowing the bacteria to cling securely to tissues and medical 
equipment while shielding themselves from host immune 
responses and antibiotic treatments.5 The biofilm matrix hinders 
antibiotic penetration and protects bacterial cells, resulting in 
persistent infections that are difficult to eliminate.6 Furthermore, 
P. aeruginosa strains generating biofilms typically exhibit 
multidrug resistance (MDR), limiting therapeutic choices and 
resulting in treatment failure.7 Biofilm production and structural 
integrity depend heavily on the genetic regulating biofilm-
related genes such algD, pelA, and pslA.8 Higher expression of 
these genes corresponds with improved biofilm development 
and increased resistance to several medications.9 Understanding 
the interactions between virulence gene expression, biofilm 
formation, and antibiotic sensitivity is critical for designing 
effective treatment methods for P. aeruginosa infections in 
burn patients. The purpose of this study was to investigate the 
antibiotic resistance profile, biofilm-forming potential, and 
expression of biofilm-associated genes in P. aeruginosa isolated 
from burn infections in hospitals in Baghdad. 

Materials and Methods
Between June and August 2024, 120 burn swabs were 

collected from burn patients attending several hospitals in 
Baghdad. Conventional biochemical assays were used to 
identify P. aeruginosa isolates, which were then verified 
using the automated VITEK-2 system.10 The Kirby-Bauer 
disk diffusion technique was used on Mueller-Hinton agar 
plates to determine antimicrobial susceptibility, and the data 
were interpreted in accordance with CLSI 2024 criteria.11 The 
antibiotics examined were imipenem (10 µg), ceftazidime (30 
µg), ciprofloxacin (5 µg), gentamicin (10 µg), colistin (10 
µg), and amikacin (30 µg). Biofilm production was assessed 
using the microtiter plate assay with crystal violet staining, 
and optical density was evaluated at 570 nm using an ELISA 
reader.6 The detection of biofilm-associated genes (algD, 
pelA, and pslA) was determined using PCR. The sequences of 
primers are given in Table 1.

Statistical analysis was performed using GraphPad Prism  
v. 8. Baseline characteristics were summarized as frequencies 
and percentages for categorical variables. Group comparisons 
were performed using the chi-square test. A P-value of <0.05 
was considered statistically significant.

Results
From 120 swabs, 57 (47.5%) P. aeruginosa isolates 

were identified. Antibiotic susceptibility testing revealed 
substantial resistance rates to imipenem (87.7%), ceftazidime 
(91.2%), and ciprofloxacin (61.4%), whereas resistance to 
colistin remained low (8.8%) (Table 2). Of the isolates, 63.1% 
exhibited multidrug resistance. The findings of the biofilm test 
categorized isolates as strong (49.1%), moderate (35%), and 
weak (15.9%). The algD, pelA, and pslA genes were detected 
in 86.0%, 68.4%, and 59.6% of the isolates, respectively. A 
substantial relationship was found between high production of 
biofilm and resistance to imipenem, ciprofloxacin, ceftazidime, 
and gentamicin (Table 3). In addition, algD, pelA and pslA-
detected isolates had high biofilm formation in 55.1%, 56.4%, 
and 55.9%, respectively. (Table 4). 

Gene Primer Sequence (5’–3’) Product size (bp)

algD F: ATCGTCCAGCGACTACCTTC
R: CGGTTGTCAGGTAGCCACTT 210

pelA F: GCTGATGCGGTTCTTCTGTC
R: CTGTTCGCCAGGAAAGTACC 195

pslA F:TCGAGTGGAGAGACGAAGGA
R: CTGGTGATCGCTGATGGTAG 182

Table1. 
PCR primer sequences for biofilm-related genes.12

Table 2.  
Antimicrobial susceptibility of P. aeruginosa isolates.

Antibiotic Sensitive
n (%)

Intermediate
n (%)

Resistant 
n (%)

Ceftazidime 5 (8.8) 0 (0) 52 (91.2)
Imipenem 7 (12.3) 0 (0) 50 (87.7)
Ciprofloxacin 22 (38.6) 0 (0) 35 (61.4)
Gentamicin 25 (43.8) 5 (8.8) 27 (73.7)
Colistin 52 (91.2) 0 (0) 5 (8.8)

Amikacin 20 (35.1) 7 (12.3) 30 (52.6)

Table 3. 
Biofilm production and antibiotic resistance among P. aeruginosa 
isolates.

Antibiotic

High 
production
(n=28)

Intermediate
production 
(n=20)

Low 
production
(n=9)

n (%) n (%) n (%)
Ceftazidime 27 (96.4) 18 (90) 7 (77.8)
Imipenem 26 (92.8) 15 (75) 9 (100)
Ciprofloxacin 22 (78.6) 11 (55) 2 (22.2)
Gentamicin 20 (71.4) 10 (50) 4 (44.4)
Colistin 1 (3.6) 2 (10) 2 (22.2)
Amikacin 17 (60.7) 10 (50) 3 (33.3)

Table 4. 
Relationship between biofilm-associated genes and biofilm 
production intensity.

Gene
High 
production

Intermediate 
production   

Low 
production P-value

n (%) n (%) n (%)
algD
(n=49) 27 (55.1) 14 (28.6) 8 (16.3) <0.05

pelA
(n=39) 22 (56.4) 11 (28.2) 6 (15.4) <0.05

pslA
(n=34) 19 (55.9) 10 (29.4) 5 (14.7) <0.05
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Discussion
This study has made possible the identification of 

important new information regarding the resistance patterns, 
biofilm-forming capacities, and detection of virulent factors 
in P. aeruginosa isolates from burn infections. A significant 
percentage (63.1%) of the 57 isolates exhibited multidrug 
resistance (MDR), which is in line with worldwide trends of 
P. aeruginosa resistance in burn units according to Ugwuanyi 
et al.13 The overuse and misuse of antimicrobials by patients 
leads to resistance to antibiotics.14 Resistance to imipenem 
(87.7%) and ciprofloxacin (61.4%) was positively correlated 
with increased biofilm formation. These results align with those 
reported by Heidari and colleagues, who similarly noted high 
resistance to carbapenems and fluoroquinolones in biofilm-
producing strains.15 Additionally, isolates exhibiting elevated 
levels of algD and pelA expression demonstrated increased 
biofilm density, consistent with the findings of Ahmed et al,16 
who noted comparable correlations between gene expression and 
production of biofilm.The high rate of resistance found here is a 
serious challenge for empirical therapy. It requires adjustments 
to antibiotic regimens in clinical settings, as noted by Kumar et 
al.17 The incidence of biofilm development was significant, with 
84.1% of isolates exhibiting moderate or high biofilm formation 
capacity, confirming the findings of Yang et al.18 Biofilms 
increase antibiotic resistance and immunological clearance, 
complicating the management of burn-associated infections.19,20 
The PCR gene expression analysis revealed that robust biofilm 
producers exhibited elevated levels of algD, pelA, and pslA 
compared to strains that were weak or did not form biofilms at 
all. Our investigation revealed that algD was elevated in 86.0% of 
isolates, aligning with the observations made by Häußler et al,21 
who highlighted its significance in alginate production and its 
persistence within host tissues. Similarly, pelA and pslA, which 
play a role in the synthesis of the polysaccharide matrix, were 
expressed in 68.4% and 59.6% of isolates, respectively. These 
findings are consistent with a study by Farhan et al.,22 highlighting 
their collaborative function in biofilm structure. Antibiotic 
susceptibility testing revealed a significant decline in sensitivity 
to monotherapies, with resistance rates of ceftazidime (91.2%), 
imipenem (87.7%), gentamicin (73.7%), and ciprofloxacin 
(61.4%). The findings are consistent with a publication by de 
Sousa et al,23 who found higher resistance rates for these drugs. 
The combination therapy, particularly the combination of 
ceftazidime-avibactam and colistin, had a significant synergistic 
impact, with an increase in inhibitory zones of more than 35% 
when compared to the individual medications. This observation 
is consistent with the synergistic combination effects reported by 
Mikhail et al.24 A clear relationship was observed between the 
algD, pelA, and pslA genes and biofilm production and resistance 
patterns, matching the results reported by Rajabi et al.25 In 
addition, a robust inverse relationship was observed between 
the mechanical stability of the biofilm and the susceptibility to 
single-agent antibiotic treatment, providing further evidence that 
the genetic control of biofilm architecture is a central mechanism 
driving drug resistance in this model, as recommended by de 
Sousa et al.26 Our results highlight the significance of including 
molecular diagnostics in standard microbiological surveillance 

in burn units. Customized treatment regimens can be guided by 
identifying high-risk MDR P. aeruginosa strains with a high 
capacity to produce biofilms, as recommended by Martinez et 
al.27 Our findings support the potential use of biofilm-targeted 
adjuvant medications and optimized combination regimens to 
enhance treatment outcomes. The robustness of our conclusions 
is further supported by the concordance of our results with 
international literature, even with a moderate sample size. To 
further understand the molecular mechanisms behind resistance 
and biofilm formation, future research should concentrate on 
longitudinal monitoring and the insertion of more virulent genes.

Conclusion 
Our data support the substantial relationship between 

biofilm production, antibiotic resistance, and genes related 
to biofilm production in P. aeruginosa isolates from burn 
sites. Implementing gene-targeted techniques and optimal 
combination treatments may significantly enhance the control 
of infections and clinical outcomes in burn care facilities.
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Abstract	
Background: Carbapenem-resistant Pseudomonas aeruginosa and Klebsiella pneumoniae are globally recognized as priority 
pathogens due to their association with multidrug resistance and limited therapeutic options. Carbapenemase genes, such as 
blaOXA-48, blaNDM, and blaIMP, play a central role in the dissemination of resistance. 
Methods and Results: This study investigated the prevalence and co-occurrence of these pathogens in 100 multidrug-resistant 
isolates collected from University Hospital Sharjah, between November 2024 and June 2025. PCR detection revealed blaOXA-48 as 
the most prevalent gene (66.7% in P. aeruginosa and 65.5% in K. pneumoniae), followed by blaIMP (44.4% and 38.2%), and blaNDM 
(15.6% and 23.6%). Co-occurrence of two or more genes was observed in over 30% of isolates, and a small proportion carried all 
three. Approximately one-quarter of isolates tested negative for these targets, indicating alternative mechanisms of carbapenem 
resistance. 
Conclusion: Our findings provide hospital-level molecular data from Sharjah that align with broader trends in the UAE, while 
highlighting the complexity of resistance-gene combinations. The results underscore the importance of ongoing molecular 
surveillance, monitoring of gene co-occurrence, and enhanced antimicrobial stewardship to mitigate the effects of multidrug-
resistant, Gram-negative infections.(International Journal of Biomedicine. 2025;15(4):731-735.)
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Introduction
The rapid emergence of multidrug-resistant (MDR) Gram-

negative bacteria presents a significant global health challenge.1 
Pseudomonas aeruginosa and Klebsiella pneumoniae are 
associated with a wide range of infections, including bloodstream 
infections, ventilator-associated pneumonia, urinary tract 
infections, and surgical site infections,2 which have earned them 

a place in the WHO’s list of substantial MDR pathogens in their 
priority list for 2024.3 Pseudomonas aeruginosa and Klebsiella 
pneumoniae possess the ability to acquire and disseminate 
β-lactamase genes, including carbapenemases that hydrolyze 
carbapenems, the last line of defence against multidrug-resistant 
Gram-negative infections. According to the Ambler molecular 
classification in 1980, β-lactamases are divided into four classes 
(A–D).4 Among them, classes A, B, and D harbour the clinically 
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most significant carbapenemases, while class C enzymes play 
an indirect role. 

Class A comprises serine carbapenemases such as 
Klebsiella pneumoniae carbapenemase (KPC) and, less 
commonly, GES-type enzymes, which are now globally 
disseminated in Enterobacterales.5 Class B includes the metallo-
β-lactamases (MBLs), a zinc-dependent group represented 
by New Delhi metallo-β-lactamase (NDM), Verona integron-
encoded metallo-β-lactamase (VIM), and imipenemase (IMP), 
all of which confer resistance to nearly all β-lactams except 
monobactams.6,7

Class C enzymes, mainly AmpC-type cephalosporinases, 
are not highly efficient carbapenemases but can lead to 
carbapenem resistance when combined with porin loss or 
efflux mechanisms.8 Finally, class D enzymes, specifically 
the oxacillinases, encompass the clinically significant OXA-
48-like carbapenemases, which are now endemic in K. 
pneumoniae in the Middle East and North Africa.9,10

Recent surveillance indicates that the OXA-48 enzyme 
remains the most frequently detected carbapenemase globally, 
followed by NDM and KPC, while IMP variants continue 
to predominate in East Asia, particularly in Japan.11-13 In 
P. aeruginosa, carbapenemase-mediated resistance is also 
escalating, with blaVIM and blaOXA-48 being the most common, 
whereas blaIMP and blaNDM occur at lower frequencies but 
frequently co-exist, compounding resistance mechanisms.14 

Longitudinal studies demonstrate a significant increase in 
blaNDM prevalence among carbapenem-resistant P. aeruginosa 
between 2021 and 2025, highlighting its expanding clinical 
impact.15-18

In the UAE, surveillance data confirm the growing clinical 
threat posed by carbapenem-resistant Enterobacterales (CRE). 
A retrospective national study analysing more than 14,500 
isolates between 2010 and 2021 found that K. pneumoniae 
accounted for nearly half (48.1%) of all cases, followed by 
Escherichia coli (25.1%) and other Enterobacterales (26.8%). 
By 2021, resistance in K. pneumoniae was alarmingly high, 
reaching 67.6% for imipenem, 76.2% for meropenem, and 
91.6% for ertapenem. blaNDM and blaIMP were detected across 
E. coli, K. pneumoniae, P. aeruginosa, and A. baumannii, often 
in combination with ESBL genes, while blaOXA-48 was notably 
absent.19

Understanding the local prevalence and interaction of 
carbapenemase genes is crucial for implementing effective 
infection control practices and antimicrobial stewardship 
programs. This study investigated the prevalence and co-
occurrence of blaOXA-48, blaNDM, and blaIMP genes among MDR 
P. aeruginosa and K. pneumoniae isolates obtained from 
University Hospital Sharjah in the UAE. Offering insights into 
the genetic architecture of resistance in this high-risk setting.

Materials and Methods
Study Design and Setting

This cross-sectional, laboratory-based study was 
conducted from November 2024 to June 2025 at University 
Hospital Sharjah in the United Arab Emirates. A total of 100 non-
duplicate MDR clinical isolates, comprising 45 Pseudomonas 

aeruginosa and 55 Klebsiella pneumoniae, were obtained from 
clinical specimens, including blood, urine, sputum, wound 
swabs, and other sterile body fluids.
Identification and Antimicrobial Susceptibility Testing

 All isolates were identified and subjected to antibiotic 
susceptibility testing using the VITEK® 2 Compact system 
(bioMérieux, France). 
DNA Extraction

Genomic DNA was extracted using the G-spin Total 
DNA Extraction Kit from iNtRON Biotechnology, Korea, 
according to the manufacturer’s instructions. The DNA’s 
concentration and purity were assessed with a NanoDrop™ 
2000 spectrophotometer (Thermo Fisher Scientific). 
PCR Amplification of Carbapenemase Genes

PCR amplification targeting the OXA-48, IMP, and NDM 
genes using the primers listed in Table 1 was performed under 
optimized thermal cycling conditions. Each 25 µL reaction 
mixture contained 12.5 µL of GoTaq® Green Master Mix 
(Promega), 1 µL of each primer (10 µM), 2 µL of DNA template, 
and nuclease-free water. The thermal cycling process started 
with an initial denaturation at 95°C for 5 minutes, followed by 
35 cycles of denaturation at 95°C for 30 seconds, annealing at 
variable temperatures for 30 seconds, and extension at 72°C for 
1 minute, ending with a final extension at 72°C for 10 minutes 
(Table 2). PCR products were analyzed using 1.5% agarose gel 
electrophoresis and stained with ethidium bromide. Electrophoresis 
was conducted at 100V for 45 minutes, and bands were visualized 
under UV light using a Bio-Rad GelDoc XR+ Imaging System.
Statistical Analysis

Data were entered and analyzed using Microsoft Excel 
2021. Descriptive statistics were used to summarize gene 
frequencies and co-occurrence patterns. Categorical variables 
were expressed as counts and percentages.

Results
Among the 100 multidrug-resistant isolates analyzed, 

45 were P. aeruginosa and 55 were K. pneumoniae.

Gene Sequence (5’ – 3’) Length
(bp) Reference

blaOXA-48
F  GCGTGGTTAAGGATGAACAC
R  CATCAAGTTCAACCCAACCG 1080 20

blaIMP
F   GAAGGYGTTTATGTTCATAC
R   GTAMGTTTCAAGAGTGATGC 188 22

blaNDM
F   GGTTTGGCGATCTGGTTTTC
R   CGGAATGGCTCATCACGATC 621 23

Table 1.
Primer sequences used for PCR detection of blaOXA-48, blaIMP, and blaNDM

Table 2.
PCR amplification parameters for each target gene.

Target
Gene

Initial
Denaturation CyclesAnnealing

Temperature
Extension
(per cycle)

Final
Extension

blaOXA-48 94 °C for 6.5 min 35× 52 °C for 45 sec 72 °C for 1 min 72 °C for 5 min
blaIMP 95 °C for 3.5 min 34× 48 °C for 45 sec 72 °C for 1 min 72 °C for 5 min
blaNDM 95 °C for 3.5 min 34× 58 °C for 45 sec 72 °C for 1 min 72 °C for 5 min
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Gene Prevalence

Among the 45 P. aeruginosa isolates, blaOXA-48 was detected 
in 30 (66.7%), IMP in 20 (44.4%), and blaNDM in 7 (15.6%). In 
contrast, of the 55 K. pneumoniae isolates, blaOXA-48 was present 
in 36 (65.5%), blaIMP in 21 (38.2%), and blaNDM in 13 (23.6%) 
(Figure 1).

Gene Co-Occurrence

The distribution of single and multiple gene positivity 
was as follows: In K. pneumoniae, the most frequent profile 
was single gene blaOXA-48 alone (29.1%), followed by blaOXA-48 
+ blaIMP (21.8%), while 5.5% of isolates carried all three 
genes (Figure 2). In P. aeruginosa, the dual combination 
blaOXA-48+ blaIMP predominated (28.9%), with blaOXA-48 alone 
detected in 24.4%. Single-gene carriage of blaIMP or blaNDM 
was more frequent in P. aeruginosa (8.9% each) compared 
to K. pneumoniae (3.6% each). Notably, around one-quarter 
of isolates in both species were negative for all three genes, 
suggesting alternative resistance mechanisms.

Discussion
This study demonstrated a high prevalence of blaOXA-48 

among both P.  aeruginosa (66.7%) and K. pneumoniae (65.5%) 
isolates, with moderate detection of blaIMP and lower but 
notable detection of blaNDM. Gene co-occurrence was common, 
including isolates harbouring all three carbapenemase genes. 
These results underscore the dominance of blaOXA-48 in the 

UAE setting and highlight the complexity of carbapenem 
resistance mechanisms in clinically relevant Gram-negative 
pathogens.

Our findings align with reports from the Middle East 
and North Africa (MENA), where blaOXA-48 enzymes are 
well established as endemic.11,20 In the UAE, Thomsen et 
al.18 showed persistently high carbapenem resistance in K. 
pneumoniae, while Ragupathi et al.19 identified blaNDM and 
blaIMP but did not detect blaOXA-48 in the Northern Emirates, 
suggesting geographic variation within the country. The 
recent emergence of blaOXA-48 in E. coli ST167 reported by 
Al-Marzooq et al.21 further illustrates the genetic diversity 
of carbapenemase enzymes in the UAE. Compared to global 
trends, our results confirm the widespread dissemination 
of blaNDM across Asia and the Middle East, as well as the 
continued prominence of blaIMP in East Asia.

The predominance of blaOXA-48 is of particular concern, 
as it is often difficult to detect with routine laboratory methods 
and may appear susceptible in vitro, leading to inappropriate 
carbapenem use and therapeutic failure.22 The co-occurrence 
of multiple carbapenemase genes within the same isolate 
raises the risk of horizontal transfer and limits the efficacy of 
last-line antibiotics. These findings are consistent with clinical 
observations from,23 who reported high mortality rates in 
patients with CRE bacteremia in the UAE despite treatment 
with ceftazidime–avibactam and aztreonam. Together, these 
data highlight the urgent need for enhanced antimicrobial 
stewardship and optimized treatment strategies.

The detection of high rates of carbapenemase genes 
in both pathogens underscores the critical threat they pose 
to healthcare systems in the UAE. blaOXA-48 and blaNDM are 
both recognized by the World Health Organization as priority 
resistance determinants requiring urgent attention. Our results 
underscore the importance of robust molecular surveillance, 
routine screening for gene co-occurrence, and regional 
collaboration in monitoring the spread of high-risk clones.

This study is limited by its sample size and single-center 
scope, which may not fully reflect the national distribution of 
resistance genes. Moreover, the absence of sequencing data 
restricts insights into the genetic context of these genes, such 
as plasmid associations or integron carriage. Finally, clinical 
data were not analyzed, precluding an assessment of gene 
presence in relation to patient outcomes.

Future research should incorporate whole-genome 
sequencing to explore the genetic environments of blaOXA-48, 
blaNDM, and blaIMP in UAE isolates. Larger multicenter 
studies across the Emirates and the broader Gulf Cooperation 
Council (GCC) region are needed to assess epidemiological 
trends. Linking molecular findings to patient-level clinical 
outcomes will be crucial in informing treatment guidelines. 
Finally, investigation of novel therapeutic strategies, such as 
cefiderocol or optimized CAZ-AVI combinations, should be 
prioritized in this context.
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Abstract
Background: Experimental methods for evaluating composite filling materials and their use are essential for achieving reliable, 
predictable clinical results in tooth restoration. This study aimed to evaluate the impact of bottom increment thickness, preheating, 
and light exposure duration on microhardness and depth of cure of bulk-fill resin composite after polymerization in a covered slot.
Methods and Results: A total of 32 filling samples were made using Tetric® N-PowerFill 2 bulk-fill resin composite material (Ivoclar 
Vivadent AG). Composite filling samples were made in opaque plastic molds with isosceles trapezoidal slots. The slot was 1.5 mm 
wide. The lower and upper bases of the trapezoid were 3 and 6 mm, respectively. The height of the trapezoidal slot was 5 mm. Filling 
samples were divided into 8 groups of 4 each. All trapezoidal slots were filled with 2 successive layers of different thicknesses. In 
Groups 1, 3, 5, and 7, the height of the bottom horizontal layer was ~1 mm, the top horizontal layer ~ 4 mm. In Groups 2, 4, 6, and 8, 
the height of the bottom horizontal layer was ~ 4 mm, the top horizontal layer ~ 1 mm. Every layer was cured individually. In Groups 
1, 2, 5, and 6, the light exposure for each layer was 20 sec, while in Groups 3, 4, 7, and 8, it was 40 sec. Filling samples in Groups 1, 
2, 3, and 4 were made from a room-temperature composite (22-24 °C). In Groups 5, 6, 7, and 8, the material was polymerized after 
heating in the slot up to 55-60 °C. Photoactivation was performed with the Valo X LED lamp (Ultradent, USA) in standard mode. The 
surface microhardness of composite filling samples was assessed using the Vickers hardness tester after exposure to light and storage 
in a dark container for 24 hours. Measurements were performed using a “ПMT-3” tester with an indenter at a 50 g load for a 15-second 
dwell time. Indentations were made in a linear order at levels of 0.5, 1.5, 2.5, 3.5, and 4.5 mm from the top surface.
Doubling the photoactivation time of the room-temperature composite from 20 seconds to 40 seconds increased the Vickers hardness 
number (VHN) of composite fillings at depths of 1.5, 2.5, 3.5, and 4.5 mm by 55%, but mostly insignificantly. The only difference of 
~1.6 times was noted in the VHN at a depth of 4.5 mm between the filling samples from Group 3 and Group 2 (P=0.0071), indicating 
the importance of both low increment thickness and prolonged irradiance. The surface hardness of fillings at 0.5 mm in samples from 
Groups 1, 2, 3, and 4 was relatively high and did not show significant statistical differences among them. It was another confirmation 
of the crucial importance of close light source adjustment to the surface of light-cured material.  Photoactivation of a heated composite 
material in a covered slot had certain advantages over using a room-temperature composite, as demonstrated by the VHN of filling 
samples at different depths. For example, at all depths, the VHN of composite fillings in Group 8 was statistically greater than in 
Group 2, regardless of the thickness of the bottom increment. Moreover, the difference increased with depth, from 1.4 (P=0.0431) 
[at 0.5 mm] to 1.8 (P=0.0001) [at 4.5 mm]. However, it was noteworthy that prolonged irradiance of a 4 mm-thick layer of resin 
composite is beneficial and may offset the low polymerization kinetics of a room-temperature filling material.
Conclusion: Lowering the thickness of the bottom layer of bulk-fill composite, along with its preheating and prolonged 
photoactivation, cumulatively contributed to a significant increase in depth of cure and microhardness of filling samples made in 
a covered slot. (International Journal of Biomedicine. 2025;15(4):736-740.)
Keywords: bulk-fill resin composite • preheating • covered slot • class II restorations
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Introduction
The optimal physical and aesthetic properties of modern 

composite filling materials have significantly widened the 
indications for direct dental restorations. However, despite 
the widespread acceptance, the high probability of suboptimal 
polymerization is one of the main reasons for unsatisfactory 
tooth treatment and the poor state of composite restorations.1,2 

The desirable degree of conversion of light-cured composites 
can be achieved by placing the tip of the light source as close 
as possible to the surface of the light-cured resin to ensure 
light transmission through the composite layer to its deepest 
areas, initiating polymerization.

It is clear that the light intensity emitted by the curing 
device gradually decreases as it penetrates deeper into the 
composite material. As a result, the degree of conversion of the 
resin monomers gradually decreases with increasing distance 
from the irradiated surface. A low degree of conversion 
worsens the physical properties of composite restorations and 
promotes the release of unreacted monomers, which can pose 
a potential threat to pulp cells and the oral mucosa.3,4

In restorative dentistry, the evaluation of surface 
microhardness is used to predict the wear resistance of any 
restorations subject to occlusal loading. However, only for 
direct composite materials is the bottom-to-top ratio of surface 
microhardness measured, given its great clinical value. Thus, it 
has been accepted that a favorable prognosis for the composite 
restoration remains possible when the ratio equals 0.8 or 0.85. 
In contrast, lower values do not guarantee the mechanical and 
chemical stability of the filling.5

Numerous factors influence the depth of cure. These 
include the type of composite resin, its color and transparency, 
the layer thickness and distance from the radiation source, the 
size and distribution of the filler particles, the intensity and 
exposure time of the material, the wavelength of the light, and 
the temperature of the composite.2,4,6,7 

Temperature is known to affect the rate of chemical 
reactions significantly. Therefore, preheating composite 
materials before light-curing has become popular at times in 
modern restorative dentistry. A wide variety of methods and 
devices have been designed and proposed for heating. Most 
studies have demonstrated a significant impact of preheating 
on conversion rate and microhardness of composite fillings.8

However, despite the significant opportunity to improve 
the strength and chemical stability of composite restorations, 
the preheating method has not been widely adopted due to 
several clinical issues. Among them, the predominant stickiness 
of heated composite to instruments during placement of the 
material into the cavity and the rapid loss of temperature have 
been emphasized, which significantly reduced the feasibility 
of using this method for direct restorations.9

On the other hand, there is a large amount of experimental 
data indicating a high degree of conversion and microhardness 
of the top and bottom surfaces of composite filling samples that 
were light-activated at 55-60 ⁰C.8 A high degree of conversion of 
resin composite materials contributes to a better seal, prevents 
leakage and the occurrence of secondary caries, promotes 
the vitality of the tooth, and prevents pulp alterations. Those 

are specific goals that are difficult to achieve in the direct 
restoration of Class II cavities with dental composites.5

Filling deep tooth cavities in contact areas and the lack 
of a light source close to the surface of the resin composite 
create unfavorable conditions for adequate polymerization of 
the restorative material.5 To achieve optimal conversion of a 
composite in poorly illuminated areas, bulk-fill resin materials 
can be used, thanks to a greater depth of cure supported by 
the polymer matrix’s special properties, the quality of filler 
particles, and an advanced initiator system. 

However, despite significant supportive data indicating 
the efficacy of bulk-fill composites in the restoration of large 
and deep tooth cavities, the issue of depth of cure for this type 
of composite remains under discussion.8

Given the indisputable priority of high conversion of 
composite materials and the high prevalence of disruptive 
factors, the development of new methods and techniques for 
the application of light-cured materials remains relevant.

This study aimed to evaluate the impact of bottom 
increment thickness, preheating, and light exposure duration 
on microhardness and depth of cure of bulk-fill resin composite 
after polymerization in a covered slot.

Materials and Methods
Composite filling samples were made in opaque plastic 

molds with isosceles trapezoidal slots (Figure 1). The slot was 
1.5mm wide. The lower and upper bases of the trapezoid were 
3 and 6 mm, respectively. The height of the trapezoidal slot 
was 5mm. Before inserting the filling material into the mold, 
the slot’s outer surface was covered with a metal strip matrix 
spanning its entire height to prevent side light from entering 
and to ensure unidirectional light-curing of the composite 
from above (Figure 2). 

Fig.1. Plastic molds with trapezoidal slots for 
a composite material.

Fig.2. Plastic mold with a trapezoidal slot 
covered with a metal strip.
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Photoactivation was performed with the Valo X LED lamp 
(Ultradent, USA) in standard mode. Filling samples were made 
using Tetric® N-PowerFill 2 bulk-fill resin composite material 
(Ivoclar Vivadent AG). They were divided into 8 groups of 4 
each. All trapezoidal slots were filled with 2 successive layers 
of different thicknesses. In Groups 1, 3, 5, and 7, the height of 
the bottom horizontal layer was ~1 mm, the top horizontal layer 
~4 mm (Figure 3). In Groups 2, 4, 6, and 8, the height of the 
bottom horizontal layer was ~ 4 mm, the top horizontal layer ~ 
1 mm (Figure 4). Every layer was cured individually. In Groups 
1, 2, 5, and 6, the light exposure for each layer was 20 sec, 
while in Groups 3, 4, 7, and 8, it was 40 sec. Filling samples 
in Groups 1, 2, 3, and 4 were made from a room-temperature 
composite (22-24 °C). In Groups 5, 6, 7, and 8, the material was 
polymerized after heating in the slot by applying the heating 
device’s working part to the surface of the metal matrix. The 
material was heated to 55-60 °C and kept at this temperature 
during photoactivation.

The surface microhardness of composite filling samples 
(n=32) was assessed using the Vickers hardness tester after 
exposure to light and storage in a dark container for 24 hours. 
Measurements were performed using a “ПMT-3” tester with an 
indenter at a 50 g load for a 15-second dwell time. Indentations 
were made in a linear order at levels of 0.5, 1.5, 2.5, 3.5, and 
4.5 mm from the top surface. Three indentations were made at 
each level. 

The Vickers hardness number (VHN) was calculated 
according to the following formula: VHN = 1.854×(F/D2), 

where F is the applied load (kg), and D is the mean diagonal of 
the indentation (mm), which yields the VHN units (kg/mm2). 

Statistical analysis was performed using the statistical 
software  package  SPSS version 21.0  (Armonk, NY: IBM 
Corp). For descriptive analysis, results are presented as mean  
± standard deviation.  Multiple comparisons were performed 
with one-way ANOVA with Tukey’s  pairwise comparisons. 
The probability value of P<0.05 was considered statistically 
significant.

Results
Depth of cure was expressed as the ratio of the 

microhardness numbers of the top and bottom layers of the 
fillings and was presented as a percentage.

Analysis of data on the surface hardness of filling 
samples cured in a covered slot showed that the depth of cure 
of the bulk-fill composite material depends on the thickness of 
the bottom layer, the material temperature, and the duration of 
photoactivation. 

At a depth of 4.5 mm, the VHN of composite fillings 
in Group 1 was 1.3 times greater than in Group 2. These 
samples were made from a room-temperature composite, and 
photoactivation of each layer was performed for 20 seconds.  
However, the thick first increment in Group 2 samples may have 
prevented light from reaching deeper portions of the composite, 
which could explain its low conversion, but without statistical 
significance (Table 1).  Also, at the same depth, the VHN of 
composite fillings in Group 6 was 1.8 times greater than in 
Group 2, with statistical significance (P=0.0001). It should be 
noted that the samples from Group 6 were made in a similar 
layering sequence to those from Group 2, but they were heated 
to 55-60 °C and maintained at this temperature for 20 seconds 
during photoactivation. Moreover, the bottom-to-top ratio of 
surface hardness in Group 5 filling samples was ~95%, whereas 
in Group 2 samples, it was ~71%.

Doubling the photoactivation time of the room-
temperature composite from 20 seconds to 40 seconds resulted 
in an increase in the VHN of composite fillings at depths of 1.5, 
2.5, 3.5, and 4.5 mm up to 55%, but mostly insignificantly. The 
only difference of ~1.6 times was noted in VHN at a depth of 
4.5 mm between the filling samples from Group 3 and Group 
2 (P=0.0071), indicating the importance of both low increment 
thickness and prolonged irradiance. Also, increased light 
exposure of the resin composite contributed to improvements 
in the bottom-to-top ratio of surface hardness in samples from 
Groups 3 and 4, reaching 93% and 98%, respectively.

The surface hardness of fillings at 0.5mm in samples 
from Groups 1, 2, 3, and 4 was relatively high and did not 
show significant statistical differences among them. It was 
another confirmation of the crucial importance of close light 
source adjustment to the surface of light-cured material. 

Photoactivation of a heated composite material in 
a covered slot had certain advantages over using a room-
temperature composite, as demonstrated by the VHN of filling 
samples at different depths. For example, at all depths, the 
VHN of composite fillings in Group 8 was statistically greater 
than in Group 2, regardless of the thickness of the bottom 

Fig. 3. Plastic mold with a trapezoidal slot filled 
with the bottom horizontal layer ~ 1 mm.

Fig. 4. Plastic mold with a trapezoidal slot filled 
with the bottom horizontal layer ~ 4 mm.
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increment. Moreover, the difference increased with depth, from 
1.4 (P=0.0431) [at 0.5 mm] to 1.8 (P=0.0001) [at 4.5 mm]. 
However, it was noteworthy that prolonged irradiance of a 4 
mm-thick layer of resin composite is beneficial and may offset 
the low polymerization kinetics of a room-temperature filling 
material. Also, the bottom-to-top ratio of surface hardness of 
fillings in samples of Groups 5, 6, 7, and 8 ranged from 91% to 
96%, which could be of great clinical value.

Discussion
Experimental methods for evaluating composite filling 

materials and their use are essential for achieving reliable, 
predictable clinical results in tooth restoration. Although 
there are only 5 classes of tooth lesions, each clinical situation 
has its own characteristics that can significantly affect the 
quality of direct restorations and the treatment outcome.

According to many studies, a low conversion rate of 
light-cured materials is often observed in the restoration of 
Class II lesions.5,10-12 Narrow and deep cavities that prevent 
the normal transmission of light through the thickness of the 
filling material are the main reasons for insufficient composite 
polymerization.  

Polymerization of light-cured resin composite in a 
covered slot most closely resembles the clinical situation of 
Class II restoration, guarantees a unidirectional transmission 
of a light beam, and can be considered as the most suitable 
and feasible laboratory technique to serve the purpose of the 
present study.12 

In conclusion, lowering the thickness of the bottom 
layer of bulk-fill composite, along with its preheating and 
prolonged photoactivation, cumulatively contributed to a 
significant increase in depth of cure and microhardness of 
filling samples made in a covered slot.

Depth
(mm)

Group 
1

Group
 2

Group
3

Group 
4

Group
5

Group
6

Group
7

Group
8 Statistical data

0.5 40.2
±2

38.9
±7.6

46.6
±11

43.6
±7.3

52.4
±6.3

55.1
±7.3

54.4
±5.8

55.8
±6.1

F=3.8345; P=0.0062
P1-2=1.0000; P1-3=0.8975; P1-4=0.0068; P1-5=0.2676; P1-6=0.0997; P1-7=0.1312; 
P1-8=0.0750; P2-3=0.7789; P2-4=0.9786; P2-5=0.1706; P2-6=0.0583; P2-7=0.0782; 
P2-8=0.0431; P3-4=0.9985; P3-5=0.9356; P3-6=0.6871; P3-7=0.7680; P3-8=0.6010; 
P4-5=0.6506; P4-6=0.3334; P4-7=0.4080; P4-8=0.2676; P5-6=0.9993; P5-7=0.9999; 
P5-8=0.9968; P6-7=1.0000; P6-8=1.0000; P7-8=1.0000

1.5 36.2
±4.5

39.9
±5.7

45.9
±3.2

49.9
±8.9

49.7
±6.4

62
±5.4

55.9
±6.4

61.8
±7.5

F=9.2634; P=0.0000
P1-2=0.9886; P1-3=0.3831; P1-4=0.0759; P1-5=0.0833;P1-6=0.0001; P1-7=0.0033;
P1-8=0.0001; P2-3=0.8643;P2-4=0.3470;  P2-5=0.3708; P2-6=0.0009; P2-7=0.0243;
P2-8=0.0010; P3-4=0.9822; P3-5=0.9867; P3-6=0.0231; P3-7=0.3470; P3-8=0.0256; 
P4-5=1.0000; P4-6=0.1554; P4-7=0.8643; P4-8=0.1690; P5-6=0.1427; P5-7=0.8442;
P5-8=0.1554; P6-7=0.8544; P6-8=1.000; P7-8=0.8738

2.5 36.1
±5.5

32.3
±4.6

42.9
±3.8

44.9
±7.9

47.2
±7.4

53.2
±6

52.1
±7.4

55.7
±9.3

F=6.0841; P=0.0004
P1-2=0.9914; P1-3=0.8333; P1-4=0.5921; P1-5=0.3142; P1-6=0.0262; P1-7=0.0439;
P1-8=0.0077; P2-3=0.3678; P2-4=0.1851;  P2-5=0.0720; P2-6=0.0040; P2-7=0.0070; 
P2-8=0.0011; P3-4=0.9999; P3-5=0.9825; P3-6=0.4023; P3-7=0.5397; P3-8=0.1715; 
P4-5=0.9996; P4-6=0.6574; P4-7=0.7911; P4-8=0.3458; P5-6=0.9031; P5-7=0.9644; 
P5-8=0.6314; P6-7=1.0000; P6-8=0.9994; P7-8=0.9938

3.5 32.4
±4.7

31.5
±5.8

40.9
±5.4

43.5
±8.3

44.3
±7.4

50.3
±6.5

51.2
±7.8

52.1
±8.7

F=5.3548; P=0.0009
P1-2=1.0000; P1-3=0.6706; P1-4=0.3561; P1-5=0.2772; P1-6=0.0243; P1-7=0.0159; 
P1-8=0.0104; P2-3=0.5572; P2-4=0.2682;  P2-5=0.2036; P2-6=0.0159; P2-7=0.0104; 
P2-8=0.0067; P3-4=0.9994; P3-5=0.9965; P3-6=0.5572; P3-7=0.4463; P3-8=0.3456; 
P4-5=1.0000; P4-6=0.8565; P4-7=0.7654; P4-8=0.6581; P5-6=0.9181; P5-7=0.8475; 
P5-8=0.7541; P6-7=1.0000; P6-8=0.9990; P7-8=1.0000

4.5 35.5
±2.8

27.5
±3

43.2
±4.9

42.7
±8.2

49.7
±2.8

50.4
±6.9

52.1
±3

50.3
±7.4

F=10.5695; P=0.0000
P1-2=0.4295; P1-3=0.4762; P1-4=0.5574; P1-5=0.0181; P1-6=0.0117; P1-7=0.0040; 
P1-8=0.0125; P2-3=0.0071; P2-4=0.097;  P2-5=0.0001; P2-6=0.0001; P2-7=0.0000; 
P2-8=0.0001; P3-4=1.0000; P3-5=0.6724; P3-6=0.5574; P3-7=0.3036; P3-8=0.5739; 
P4-5=0.5904; P4-6=0.4762; P4-7=0.2449; P4-8=0.4922; P5-6=1.0000; P5-7=0.9979; 
P5-8=1.0000; P6-7=0.9998; P6-8=0.9907; P7-8=0.9997

B/T, % 88 71 93 98 95 91 96 90

Table 1. 
Surface hardness of composite filling samples measured at different depths after photo activation in a covered slot.
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Abstract
Background: Direct current (DC) is increasingly used in medical applications, yet its effects on blood plasma hemostasis remain 
underexplored. This study systematically examines the effects of DC exposure on key coagulation parameters and plasma pH, 
highlighting their potential physiological relevance and implications for electrotherapeutic strategies.
Methods and Results: The experiments used a pooled plasma sample from healthy donors, which was subjected to electrolysis 
using platinum point electrodes and a DC with a voltage range of 11-19 V. A number of parameters characterizing plasma hemostasis 
were measured to assess the coagulation process, including recalcification time, prothrombin time, thrombin time, activated partial 
thromboplastin time, international normalized ratio index, fibrinogen level, pH, and absorbed current strength. Experimental 
data showed that, with increasing current voltage during electrolysis, plasma coagulation time exhibits nonlinear changes, some 
parameters change significantly, and plasma hemostasis slows down beyond a certain current voltage threshold. The obtained data 
can be helpful for both therapeutic and other research in this field. (International Journal of Biomedicine. 2025;15(4):741-745.)
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Introduction
To maintain the fluid state of blood with optimal 

viscosity, the body has a special functional system that 
includes coagulation and anticoagulation mechanisms, 
which are normally in a state of balance (hemostasis). It is 
known that disruption of hemostasis leads to undesirable 
pathological conditions, such as bleeding or the formation 
of blood clots.

Currently, numerous studies examine the effects of 
various physical factors on blood physiological parameters. 
The effects of electric current on the body are used for various 
purposes, such as electrotherapy, electrocoagulation, muscle 
stimulators, oncotherapy methods, neuropsychology, and 
more.1-5 It is known that electric current affects not only tissue 

cells but also tissue fluids, particularly blood. Hemostasis, 
one of the primary physiological indicators of blood, can be 
altered by electrical current, with significant physiological 
implications when used for therapeutic purposes. Its 
disruptions are particularly hazardous for patients with 
concomitant conditions such as cancer, infectious diseases, 
severe trauma, and diabetes mellitus.6,7

The effects of direct current (DC) on body tissues can 
be considered the result of simplified basic reactions and 
phenomena of electrolysis, such as electrode reactions, a 
reduction in calcium concentration in the medium, and the 
generation of free radicals.8

Electrolysis of a physiological buffer solution initiates 
chemical reactions. Combined both half-reactions in electrodes 
is: 2NaCl(aq)+2H2O(l)→H2(g)+Cl2(g)+2NaOH(aq)
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During the electrolysis of saline solutions, different 
compounds form (O3, O2, H2O2, HClO, HClO2, ClO, ClO2, Cl2, 
H2, HO2

-, O2
-, H-, ClO-, ClO3

-, ClO4
-, H∙, O∙, Cl∙, OH∙, HO2

∙, 1O2, 
ClO∙, O2

-∙).9-11 These compounds may affect hemostasis.12 Even 
the electrolysis of saline, which can be considered a simple 
model of blood electrolysis, has many reactions.

Since Scudamore’s work in 1824,13 the effect of DC on 
blood coagulation has been a subject of inquiry. Hayashi14 

reviewed all relevant studies conducted between 1824 and 
1964. His paper notes that Schwartz15 found that applying a 
DC of 4.5 V and 5 mA for 1 hour induced thrombus formation 
in the superficial femoral vein of dogs. Kravitze and Wagner 16 
demonstrated that a DC of 12 to 16 mA applied for 7 to 10 
minutes typically resulted in coagulation on diffusely bleeding 
surfaces. Hayashi also reported that applying 6 V and 4 to 
4.5 mA of positive DC for 9 to 12 minutes initiated thrombus 
formation in the mesenteric plexus blood vessels of rabbits.

Recent studies have shown that DC prolongs coagulation 
time and acts as a non-chemical anticoagulant.17-19 Until now, 
existing studies have not systematically examined the dynamic 
changes in hemostasis parameters under the influence of 
electric current at different exposure time doses. Based on 
the above considerations, this study aimed to investigate 
the effects of DC on the main indicators of PH, including 
prothrombin time (PT), international normalized ratio (INR), 
activated partial thromboplastin time (aPTT), thrombin time 
(TT), recalcification time (RT), fibrinogen level (FL), and 
plasma pH. It is known that the pH of the medium is crucial 
for hemostasis; even a minor change of 0.5 can alter the timing 
of thrombosis by more than 25%.19 The current intensity (mA) 
required for these effects was also examined.

Plasma hemostasis is part of the overall hemostatic 
system, which includes a cascade of protein reactions in blood 
plasma and is closely related to the vascular-platelet interaction 
and the anticoagulant system. Since the traumatic factor of 
hemostasis change is not present in the case of electric current 
exposure, it is not considered in this work.

Materials and Methods
Human plasma was obtained from the Hematology 

Center named after Prof. R. Yeolyan (Yerevan, Armenia). The 
purchase was conducted through an open sale transaction. 
Samples were collected in PVC bags and remained unexposed 
to any freeze–thaw cycles. CPDA-1 (citrate-phosphate-
dextrose; RAVIMED, Poland) was used as the anticoagulant. 

Plasma samples were collected from 10 healthy donors 
(5 men, 5 women) aged 18–50 years. No personal information 
was provided beyond sex and age. Equal volumes of individual 
plasma samples were pooled to create a composite sample. 
Each experiment was performed in 6 replicates.

Thromboplastin with ISI of 1.75 was obtained from 
Delta LTD (Armenia).Thrombin time reagents were obtained 
from RPA ‘RENAM’ (Russia). aPTT-Kaolin set was produced 
by BIOLABO (France).
Electrolysis and pH Measurement

Plasma electrolysis was performed using a custom 
electrolytic chamber consisting of a cylindrical glass cup 

(total volume of 15 mL) sealed with a cap housing 2 platinum 
dot electrodes (Gomel, Belarus) spaced 15 mm apart. A DC 
power supply with precise voltage regulation was connected 
to the electrodes. During electrolysis, the chamber was placed 
on a magnetic stirrer operating at low speed (30 rpm).

A volume of 4 mL of pooled plasma was placed in the 
electrolysis cell. DC ranging from 11 to 19 V was applied 
for 10 minutes. For recalcification analysis, electrolysis was 
performed at 11, 13, 15, 17, and 19 V. For other hemostasis 
parameters, voltages of 11, 15, and 19 V were used. pH and 
current measurements were conducted across a voltage range 
of 11, 13, 15, 17, 19, and 24 V. No electrolyzed plasma pool 
was used as a control.

The pH values of plasma were measured using a Hanna 
HI2002-01 pH/ORP meter (Hanna Instruments, USA). To 
determine the dependence of plasma pH on the duration of 
electrolysis, the measurement was performed directly on the 
electrolyzed plasma at room temperature․

Consumed power was measured using a multimeter 
connected in series with the electrolysis circuit. Electric 
current was recorded at one-minute intervals throughout the 
10-minute electrolysis period at applied voltages of 11, 13, 15, 
17, 19, and 24 V.
Biochemical Methods

Plasma coagulation effectiveness was measured using 
clot-based tests, such as RT,20 PT/INR,21 TT, aPTT, and FL.22 

Hemostasis parameters (RT, PT, INR, TT and aPTT) were 
measured using a biochemical analyzer STart Max (Stago, 
France).

Prothrombin time was measured using thromboplastin 
with an ISI of 1.75. Electrolyzed and control plasma samples 
were preincubated in a water bath at 37°C for 4 min. 
Thromboplastin was added with fast stirring, and the time was 
measured until fibrin filaments were observed.23 International 
normalized ratio (INR) was calculated using the following 
formula:21

where “PT exp.” and “PT control” are prothrombin time for 
electrolyzed and control plasma, respectively, and ISI is the 
International Sensitivity Index of Thromboplastin (provided 
with the reagent).

For TT assay, plasma was prewarmed for 3 minutes 
in a 37°C water bath. The TT detection reagent (“RENAM” 
RPA, Russia) was prepared according to the manufacturer’s 
instructions and added to the electrolyzed and control plasma 
samples. Coagulation time was measured after the addition of 
the thrombin reagent.

aPTT was measured using the BIO-CK aPTT-Kaolin 
kit (BIOLABO, France). The reagent was prepared according 
to the manufacturer’s instructions, prewarmed to 37°C, and 
added to the plasma. After 3 minutes of incubation at 37°C in 
a water bath, 0.227% CaCl2 was added, and the coagulation 
time was measured.

For recalcification measurement, plasma samples were 
mixed with 5% CaCl2 (in ratio 10:1) and incubated at room 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 = �
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒.

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐�
𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
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temperature without any activating factors. Coagulation time 
was measured from the time of CaCl2 addition.

The level of fibrinogen was measured by a slightly 
modified gravimetric method, described in Saxena.24 Briefly, 
clots were carefully removed from plasma samples after 
recalcification assay, compressed to expel residual plasma and 
reagents, thoroughly dried using filter paper, and weighed on 
an analytical balance.
Statistical Analysis

The results are reported as the mean ± standard error of 
the mean (SEM). Data were analyzed using one-way ANOVA 
with GraphPad Prism v.9.3 (GraphPad Software Inc., La Jolla, 
CA, USA). Statistical significance is indicated as follows, * - 
P≤0.05, ** - P≤0.01, *** - P≤0.001, and **** - P≤0.0001.

Results
Plasma hemostasis is necessary to maintain the normal 

fluid state of the blood and effectively stop bleeding. To obtain 
information on overall blood coagulation, the RT determination 
method was used, which correlates with the total clotting time.

Preliminary studies have shown that increasing the 
applied DC voltage did not result in significant changes in RТ 
within the studied range (Figure 1A). Further studies focused 
on evaluating the dependence of the investigated parameters 
on voltage variation. When recording the RT, it was observed 
that as the current voltage increased during electrolysis (11–
15 V), the RT initially decreased slightly (by 4.5%); a further 
increase in voltage (19 V) resulted in a twofold increase (by 
104.2%) (Figure 1B). This suggests that within a specific 
voltage range, the plasma coagulation system is partially 
activated, but higher voltages can damage coagulation factors 
or alter the plasma pH, slowing down coagulation.

We found that as the current voltage increased, the rate 
of fibrin formation from fibrinogen decreased (from 44.2% 
to -62%) (Figure 1C). These changes may be the reason for 
the decrease in thrombin activity or structural changes in 
fibrinogen.

One of the important laboratory parameters characterizing 
the state of the blood coagulation system is PT, which is 
used to assess the activity of the extrinsic pathway of blood 
coagulation and the deficiency of  factors II, X, VII, and V. 
Initially, PT was slightly reduced (11 V) (Figure 2A), possibly 

due to mild activation, but at 15 V and especially at 19 V it 
increased significantly, by 11% and 42.8%, respectively. This 
indicates the possibility of inhibiting the extrinsic pathway of 
blood coagulation or decreasing the activity of factors under the 
influence of high voltage. 

Along with PT, aPTT is an essential indicator for 
monitoring coagulation processes (both the extrinsic and 
intrinsic pathways). A significant increase in aPTT (Figure 2B) 
during electrolysis (38.3%) at high voltages (19 V) indicates 
a disruption of the intrinsic coagulation pathway, which may 
be due to a deficiency of coagulation factors I, II, V, VII and 
X, as well as prekallikrein or one of the intrinsic coagulation 
pathway factors  (VIII, IX, XI and/or XII), which may occur 
as a result of electrochemical reactions during electrolysis or 
as a result of change in pH. 

The INR at 11V decreased to 0.79, which may indicate 
a temporary increase in prothrombin activity or partial 
stimulation of the coagulation system. At 15 V, the INR 
increased to 1.21, and at 19 V, it increased to 1.88, indicating 
a slowdown or disruption of the extrinsic coagulation pathway 
(Figure 2C).

It is believed that high voltage during electrolysis can 
oxidize or inactivate some components of the prothrombin 
complex, weakening the coagulation process. When studying 
FL, we found that at 11 V, it decreased by 18.8%, which 
may be associated with fibrinogen degradation or structural 
changes. However, at voltages of 15 V and 19 V, FL increased 
by 13.6% and 23.1%, respectively (Figure 3A).

Fig. 1. The effect of electrolysis on RT for 11V 0-30min 
(A), RT (B), and TT (C). Data are normalized to control 
and presented as the mean ± SEM, n=6. *P<0.05; 
**P<0.01; ***P<0.001; ****P<0.0001

Fig. 2. The effect of electrolysis on PT (A), aPTT (B), 
and INR (C). Data are presented as the mean ± SEM, 
n=6. *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001. 
For PT and aPTT data, the values are normalized to the 
control.

Fig. 3. The effect of electrolysis on FL (A) and pH of 
plasma (B). FL is normalized to control. (C) shows power 
consumption during the electrolysis at different voltages. 
Data are presented as the mean ± SEM, n=6. *P<0.05; 
**P<0.01; ***P<0.001; ****P<0.0001. For (C), all 
differences between groups are significant except marked 
as “ns.”
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Given the importance of pH in coagulation reactions, 
the possible change in pH under DC influence was observed. 
The pH at 11 V and 15 V shows a relative increase of 0.278 
and 0.206, respectively, (Figure 3B) and at 19 V a decrease of 
1.73 points, reaching 5.998. To further examine the trend in 
the pH indicator change, the pH indicator was also observed 
at 23 V, registering a lower value than those recorded at 19 V 
(5.462). The obtained data indicate that under the influence 
of electrolysis, an intensive formation of acidic or basic 
substances occurs, leading to disruption of the acid-base 
balance and exceeding the plasma’s buffering capacity.

In plasma electrolysis, water is decomposed, producing 
hydrogen and hydroxide ions that can alter the pH balance. 
Plasma contains buffer systems (e.g., bicarbonate), but their 
ability to neutralize pH changes is limited. 

Electrolysis can produce carbonic acid from carbon 
dioxide dissolved in water, which itself is a weak acid. Still, 
during intensive hydrolysis, its concentration increases, and 
the system becomes overloaded, which, in blood plasma, 
can lead to a rise in acidity and slow down the blood clotting 
process, especially at high voltages.19,25 

To assess the possible correlation between the obtained 
data and the energy introduced into the electrolytic system and 
the dynamics of energy absorbed by the system, amperometric 
recordings of plasma electrolysis were also performed (Figure 
3C). The obtained data indicate that the current in the system 
increases proportionally with voltage, showing a slight 
increase over time, reaching a maximum of 8.4 mA at 23 V. 
Large amperometric values and the most significant changes in 
the obtained indicators characterizing hemostasis are observed 
mainly at high voltages.

Discussion
The effect of electrolysis on the blood coagulation 

system has not been sufficiently studied. Our results show 
that changes in current voltage during electrolysis can affect 
hemostasis mechanisms in different ways, causing both 
coagulant and anticoagulant effects. The results also indicate 
that DC can directly affect the main PH parameters.

In electrolysis at a moderate current (up to 15 V), 
a slight increase in pH was observed. In contrast, at high 
voltages  (19 V), prolonged clotting time, increased INR, 
increased FL, and significant changes in the intrinsic and 
extrinsic coagulation pathways were observed. These 
effects likely result from pH changes during electrolysis 
or from reduced activity of some coagulation factors due 
to the electrochemical effects. An increase in FL resulting 
from electrolysis, along with a rise in INR, may indicate 
activation of hemostasis in response to plasma damage. The 
INR measures the efficiency of the extrinsic coagulation 
pathway, and its increase may indicate a reduced activity 
of coagulation factors. Fibrinogen, a key component of the 
thrombus, may increase as part of a protective mechanism 
to sustain thrombus formation.26 When low-voltage DC 
electricity is applied, ionized calcium, an essential element 
in blood coagulation, is absorbed by the negative electrode. 
In contrast, most blood proteins, including coagulation 

factors that are negatively charged at normal blood pH, 
can be adsorbed onto the positive electrode.27,28 Calcium is 
a vital cofactor for many coagulation factors, while blood 
pH significantly affects the concentration of ionized calcium 
and the function of these factors. In acidosis, hydrogen 
ions displace calcium from proteins, increasing the ionized 
calcium concentration. Changes in calcium ion concentration 
can affect the activation of coagulation factors, and changes 
in protein concentration can affect their capacity to form 
clots. Conversely, as the intensity of plasma electrolysis 
increases, the pH decreases, creating an acidic environment 
that disrupts the function of enzymes and other proteins 
involved in hemostasis.29

Acidity affects the activity of clotting factors and can 
impair fibrinolytic activity; together, these effects create 
an imbalance that may increase the risk of both bleeding 
and thrombosis, depending on the degree and nature of the 
disorder.

The data indicate that, at low voltages, the examined 
blood plasma parameters—except TT—tend to decrease, 
whereas at higher voltages they increase. This suggests that 
plasma can resist the effects of the applied current up to a 
specific limit, beyond which all parameters increase along 
with voltage and current strength. The obtained data can be 
helpful for both therapeutic and other research in this field.
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Abstract
Myeloma is a type of malignant tumor that originates from plasma cells. The curcumin analog EF-24 has demonstrated promising 
antitumor activity. However, its role in myeloma cell proliferation was unclear. In this study, we found that EF-24 could inhibit 
the proliferation of multiple myeloma cells (MM.1S) by morphological observation and CCK-8 assay. RNA-sequencing analysis 
indicated that several genes associated with ferroptosis exhibited differential transcription, which was confirmed by RT-qPCR. 
Therefore, following detection of ferroptosis-related proteins (GPX4 and SLC7A11) and upregulation in the destruction of 
mitochondrial cristae and other ferroptosis factors, including MDA, GSH, ROS, and Fe2+ concentrations, were conducted in 
EF-24-treated MM.1S cells, which concluded that EF-24 could induce ferroptosis in myeloma cells. Conversely, the addition 
of the ferroptosis inhibitor (ferrostatin-1) could reverse the above changes activated by EF-24. Moreover, NOD/SCID mice 
grafted with MM.1S cells were constructed, and intravenous injection of EF-24 effectively decreased tumor growth and protected 
normal tissues, as observed by Hematoxylin-Eosin staining. In summary, our results confirm the EF-24-induced ferroptosis in 
myeloma cells and exhibited a protective role in model mice grown from implanted MM.1S cells in vivo.(International Journal 
of Biomedicine. 2025;15(4):746-751.)
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Introduction
Multiple myeloma (MM) is a clonal plasma cell 

malignancy originating from the bone marrow that accounts 
for approximately 13% of all hematologic cancers and is 
associated with a range of symptoms, including anemia, bone 
damage, hypercalcemia, and renal impairment.1,2 The treatment 
of MM has changed dramatically in recent years, with a series 
of advances in therapeutic approaches that have led to improved 
survival rates; however, the majority of patients eventually 
relapse.3 One of the major advances in the treatment of MM 
in the last decade has been the introduction of the novel drugs 
thalidomide, bortezomib, and lenalidomide.4 But obviously, it is 
not enough, and many more molecules or drugs against multiple 
myeloma need to be explored. 

Curcumin (Cur) is a bioactive polyphenolic compound 
found in turmeric, which has a variety of pharmacological 
activities, including anti-inflammatory, antiaging, antidiabetic, 
and antitumor functions, and so on.5,6 Although a large number 
of clinical trials have confirmed curcumin’s safety, its low 
water solubility, rapid metabolism, and poor bioavailability 

have not yet led to approval as a clinically applicable drug, 
limiting its application. As a result, beneficial curcumin 
derivatives or analogues are now being developed to replace 
curcumin.7 Among them, curcumin analog EF-24 shows 
potent antitumor activity and induces autophagy or apoptosis 
in various tumor cells.8-10 However, the effect of EF-24 on 
myeloma cell proliferation is unknown.

Ferroptosis is an oxidative, iron-dependent form of 
regulated cell death (RCD) that differs from other types in its 
morphology, biochemistry, and core regulators, as first proposed 
by Scott Dixon in 2012.11,12  Ferroptosis can be induced by 
inhibiting the cystine/glutamate transporter protein (SLC7A11/
xCT) and the enzyme glutathione peroxidase 4 (GPX4), which 
are critical for preventing ferroptosis.13 Studies have shown 
that ferroptosis is an adaptive response with tumor suppressive 
function.14 The discovery of ferroptosis as a new mode of cell 
death has opened a new way to think about and treat many 
diseases.15 In this study, the curcumin analogue EF-24 was 
first used to treat human multiple myeloma cells (MM.1S), and 
the current study demonstrated that EF-24 could inhibit cell 
proliferation and induce ferroptosis. Furthermore, the in vivo 
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antitumor effect of EF-24 was investigated in NOD/SCID mice 
grafted with MM.1S cells. 

The present study provided additional information and 
laid a solid foundation for future research on the antitumor 
properties of curcuminoids.

Materials and Methods
Cell Culture and Chemicals

The human multiple myeloma cell line MM.1S was 
purchased from Sebachem (Shanghai Biotechnology Co. Ltd.) 
and cultured in RPMI-1640 medium containing 10% FBS at 
37°C with 5% CO2. 

Cur analogue EF-24 (Sigma-Aldrich, Shanghai, China) 
was dissolved in dimethyl sulfoxide (DMSO) to prepare a 40 
mM master stock solution, which was stored at -20°C before 
use. Ferrostatin-1 (abbreviated Fer-1, HY-100579), Z-VAD-
FMK (HY-16658B), and wortmannin (HY-12420) were 
purchased from MedChemExpress (MCE, Shanghai, China). 
Anti-GPX4, SLC7A11, and α-tubulin primary antibodies were 
bought from ProteinTech (Wuhan, China). The IRDye® 800CW 
Goat anti-mouse IgG(H+L) and IRDye® 800CW Goat anti-
rabbit IgG(H+L) secondary antibodies were provided by Li-Cor 
Biotechnology (Lincoln, NE, USA). 

Cell Viability Assay

MM.1S cells were inoculated into 6-well plates (6×105/
well) and incubated overnight after treating the cells with 
different concentrations of EF-24 (0, 200, 400, 600, 800, 
and 1000 nM) for different times. Morphological changes in 
treated cells were observed with an inverted microscope and 
photographed. 

For cell viability analysis, MM.1S cells were inoculated 
into 96-well plates (1×104/well) overnight and treated with 
DMSO and a range of concentrations of EF-24 (0-1000 nM) for 
different times, respectively. Then, 10 µL of CCK-8 (Uelandy, 
Suzhou, China) was added to each well and incubated for 
another 4 h at 37 °C. Finally, cell absorbances were measured 
with a microplate spectrophotometer at 450 nm.

cDNA Extraction and RNA-Sequencing

MM.1S cells were treated with EF-24 (600 nM) for 24 h, 
then total RNA was extracted using TRIzol kit (Thermo Fisher, 
CA, USA). Transcriptome data were obtained using Illumina 
NovaseqTM 6000 (LC Bio Technology CO., Ltd., Hangzhou, 
China). GO function analysis, pathway function analysis, cluster 
analysis, and other in-depth mining analyses were performed on 
the selected differentially expressed genes. Quantitative analysis 
of three randomly selected cell death signal-related genes (p62/
SQSTM1, FTL, and GJA1) was conducted using quantitative 
real-time PCR (qRT-PCR).

qRT-PCR

MM.1S cells were inoculated into 6-well plates and 
cultured overnight, and then treated with EF-24 at different 
concentrations for 24 h. The total RNA samples were extracted 
from the treated cells using a conventional protocol. The 
RNA samples were reverse transcribed into cDNA. RT-qPCR 

was performed using a SYBR Green real-time fluorescence 
quantitative PCR system. The following primer sequences 
were used for the PCR procedures:

p62/SQSTM1-F: TACGACTTGTGTAGCGTCTGC, 
p62/SQSTM1-R: GTGTCCGTGTTTCACCTTCC 

FTL-F: CACGGACCCCCATCTCTGTG, FTL-R: 
TAGTCGTGCTTGAGAGTGAGC 

GJA1-F: CCAGCACCGTTTTTGTGGTT, GJA1-R: 
GGTCGAAATAGAAGCCCAGAGA. 

GAPDH (F: AATGACCCCTTCATTGAC, R: 
TCCACGACGTACTCAGCGC) was used as an internal 
control gene for mRNA quantification. The relative mRNA 
values for each group were calculated using the 2-∆∆Ct method.  

Western Blot

The treated MM.1S cells were lysed in lysis buffer 
containing 2% SDS, 25 mM Tris-HCl (pH 6.8), 2 mM PMSF, 
6% glycerol, 0.02% bromophenol blue, 1% β-mercaptoethanol, 
and protease inhibitors. Proteins were separated by SDS-
PAGE, and the target proteins in the gel were transferred to 
a nitrocellulose membrane (NC), which was then incubated 
with a primary antibody at 4°C overnight. After washing with 
TBST, the membranes were incubated with the appropriate 
secondary antibody for 1 h at room temperature. Immunoblots 
were processed using an Odyssey CLX infrared imaging 
system (LI-COR Biosciences, Cambridge, UK), and the 
fluorescence intensity of the blot was analyzed using the 
Odyssey application.  

MDA and GSH Assay

After MM.1S cells came to approximately 80% confluence 
in 6-well plates, the cells were exposed to EF-24 (2.5-20 µM) 
with Fer-1 (2 µM), or Z-VAD-FMK (5 μM), or wortmannin (5 
μM) for 24 h, respectively. Total malondialdehyde in treated cells 
was determined using a malondialdehyde assay kit (Nanjing 
Jiancheng, China) and normalized to protein concentration 
according to the manufacturer’s instructions. Similarly, for the 
detection of GSH in treated cells, the total amount of glutathione 
was determined using a glutathione assay kit (Beyotime 
Biotechnology, Shanghai, China) and normalized to protein 
concentration according to the manufacturer’s instructions.

Transmission Electron Microscopy (TEM)

After treatment with EF-24 (600 nM) for 24 h, the cells 
were fixed with a 2% paraformaldehyde-2.5% glutaraldehyde 
fixation mixture. Next, the cells were dehydrated continuously 
with graded concentrations (30%, 50%, 70%, 80%, 90%, and 
95%) of ethanol solution for 15 min. Anhydrous ethanol and 
acetone were then used to treat the cells for 20 min, respectively. 
After embedding, the cell samples were sectioned with a UC7 
Ultrathin Section Ultrathin Slicer. Finally, the cells were stained 
with uranyl acetate and alkaline lead citrate, respectively. The 
samples were observed and photographed using a transmission 
electron microscope (JEOL-JEM-1200EX, Japan).

ROS and Fe2+ Fluorescence Assay

MM.1S cells were inoculated into 6-well plates (1×105/
well) and cultured overnight. The cells were treated with EF-24 
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or EF-24 (5 µM) + Fer-1 (1 µM) for 24 h, respectively (Rousp-
treated cells for 30 min were used as a positive control). After 
aspiration of the waste liquid, DCFH-DA probe (10 mM, diluted 
in serum-free culture medium at 1:1000) was added to the wells 
for 15 min at 37°C. The cells were then thoroughly washed with 
serum-free cell culture solution and resuspended in PBS. ROS 
levels in different samples were measured using flow cytometry 
(BD FACSCantoTM II, USA).

As for the detection of Fe2+ concentrations in cells treated 
with the above-described methods, the cell supernatant was 
discarded, and the cells were washed three times with PBS. 
Finally, FerroOrange working solution (1 μM) was added into 
the wells, and the cell plates were visualized using a fluorescence 
microscope (ZEISS AxioObserver 3, Germany).

Hematoxylin-Eosin (HE) Staining 

SPF-grade female NOD/SCID mice (Beijing Viton 
Lever, n=6, 4-6 weeks old, weight 20~25 g) were purchased 
and fed in a SPF-grade sterile laminar flow animal rearing 
system. The density of MM.1S was adjusted to 7×107 cells/mL, 
and each mouse was inoculated with 150 μL subcutaneously 
on the dorsal surface of the left hind limb. The modeled mice 
were injected with saline and EF-24 (200 μL/per mouse, 20 
mg/kg) into the tail vein every 3 days, according to standard 
procedures. After 7 injections, the treated mice were sacrificed 
for histochemical analysis. Then, the heart, liver, spleen, 
lung, kidney, and tumor tissues of the mice were dissected for 
ultrathin sectioning. The tissue sections were stained with HE 
and photographed under a microscope.

Statistical Analysis

The significance of differences between groups was 
tested using t-test. GraphPad Prism 7.0c software was used for 
statistical analysis. A P-value <0.05 was considered statistically 
significant.

Results
EF-24 Inhibits MM.1S Cell Proliferation

Inverted microscopy revealed that the morphology of 
the EF-24-treated cells in the experimental group underwent 
significant changes, including fragmentation, shrinkage, and 
death, whereas the control group showed normal cell growth 
(Figure 1A). As the concentration increases, the damage to the 
treated cells gradually intensifies. In addition, we examined 
the effect of EF-24 on MM.1S cell proliferation using the 
CCK-8 assay (Figure 1B). The results showed that higher 
concentrations and longer treatment times were associated 
with greater decreases in cell viability, suggesting that EF-24 
inhibits MM.1S cell proliferation in a time- and concentration-
dependent manner.

EF-24 Induces the Expression of Ferroptosis-related Genes 
Differently in MM.1S Cells 

To explore the potential antitumor mechanism of EF-24 
against MM.1S, we first used transcriptomic analysis to identify 
differentially expressed genes in EF-24-treated MM. 1S cells. 
Three replicate samples from the EF-24-treated groups or the 

blank control groups were collected for RNA-seq analysis. 
The present results showed that 292 genes were upregulated 
and 539 were downregulated. Heat map and volcano plot 
analyses showed that among the upregulated genes, GJA1, 
FTL, and p62/SQSTM1 were the most differentially expressed 
(Figure 2A). 

Therefore, qRT-PCR was performed to identify 
transcriptional changes in the three genes in EF-24-treated 
MM.1S cells. Current results confirmed that GJA1, FTL, and 
p62/SQSTM1 mRNA levels were elevated compared with the 
blank control group (Figure 2B), consistent with transcriptome 
sequencing analysis. Given that genes such as GJA1 and FTL 
are involved in ferroptosis, we speculated that differential 
expression of ferroptosis-related genes in MM.1S cells may 
be associated with EF-24 treatment.

EF-24 Induces Ferroptosis in MM.1S Cells 
When ferroptosis occurs, several changes occur within 

the cell, including the accumulation of MDA, ROS, and Fe2+, 
depletion of GSH, and changes in mitochondrial morphology. 
Here, we firstly treated MM.1S cells with various concentrations 
of EF-24 and assessed changes in cellular MDA and GSH 
levels. Relative to the untreated cells, the experimental group 

Fig. 1. Effect of EF-24 on the proliferation of MM.1S cells. (A) 
Morphological changes of MM.1S cells after treatment with 
different concentrations of EF-24 for different times (original 
magnification, ×100). (B) Cell viability analysis of MM.1S cells 
treated with different concentrations of EF-24 for 24 and 48 h 
(n=3; *-P<0.05, **-P<0.01, and ***-P<0.001).

Fig.2. Transcriptomic analysis of cell-death-related genes 
in EF-24-treated MM.1S cells. (A) Volcano map analysis of 
transcriptome sequencing differential gene clustering after EF-
24 treatment of MM.1S cells. Several cell death-related genes 
were outlined in red. (B) RT-qPCR analysis of FTL, GJA1, 
and p62/SQSTM1 mRNA after 24 h of treatment with different 
concentrations of EF-24 (n=3; **- P<0.01 and *** - P<0.001).
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exhibited increased MDA levels and decreased GSH levels with 
a concentration-dependent effect (from 200 nM to 1000 nM) 
(Figure 3A; 3B), respectively. Subsequently, following treatment 
with EF-24 (600 nM), fluorescence microscopy analysis showed 
stronger orange-red fluorescence in the experimental group 
compared to the control (Figure 3C), suggesting elevated Fe2+ 
levels in the experimental group. Moreover, flow cytometry 
analysis was applied to detect the production of ROS in EF-
24-treated MM.1S cells, which showed that the ROS level 
had an increasing trend in a concentration-dependent manner 
(from 200 nM to 1000 nM of EF-24) (Figure 3D). Additionally, 
transmission electron microscopy of MM.1S cells treated with 
EF-24 (600 nM) showed that mitochondrial volume and cristae 
decreased or disappeared. At the same time, there were no 
apparent changes in the control group (Figure 3E). In summary, 
these results suggested that EF-24 indeed induced ferroptosis in 
MM.1S cells.

Furthermore, we continued to detect the expression of 
two key regulatory factors of ferroptosis, GPX4 and SLC7A11, 
which are considered upstream regulators of ferroptosis. 
The present study indicated that, after EF-24 treatment, the 
expressions of GPX4 and SLC7A11 were downregulated overall 
(Figure 3F), further supporting EF-24-induced ferroptosis.

Addition of Inhibitors Suppresses Ferroptosis in MM.1S 
Cells

To further confirm ferroptosis induced by EF-24 in 
MM.1S cells, after combination treatment with EF-24 (600 
nM) and the ferroptosis inhibitor ferrostatin-1 (2 μM), we 
found that MDA levels were reduced, while GSH levels were 
significantly increased compared to the EF-24-alone treatment 
group. However, the MDA levels in the groups treated with 
the combination of EF-24 and either the autophagy inhibitor 
wortmannin (5 μM) or the apoptosis inhibitor Z-VAD-FMK 
(5 μM) remained essentially unchanged or even slightly 
increased, while GSH levels remained essentially unchanged 
or even decreased (Figure 4A; 4B). Additionally, the number of 
intracellular orange-red fluorescence signals was significantly 
reduced in the combination treatment group with ferrostatin-1 
(Figure 4C), indicating that the addition of ferrostatin-1 led to 
a significant decrease in cellular Fe2+ levels in EF-24-treated 
MM.1S cells. Moreover, flow cytometry analysis showed that the 
ROS level in the combination treatment group was significantly 
lower than in the EF-24-alone treatment group. These results 
further confirmed that EF-24 induced ferroptosis in MM.1S cells. 

EF-24 Can Resist Tumor Progress in vivo
To further determine the in vivo antitumor proliferation 

ability of EF-24, NOD/SCID mouse models grafted with 

Fig.3. EF-24 induces ferroptosis in MM.1S cells. (A) and (B) 
Changes of MDA and GSH content in cells treated with different 
concentrations of EF-24 for 24 h, respectively. (C) Cells were 
treated with EF-24 (600 nM) for 24 h. The Fe2+ concentrations 
(yellow color) were observed by fluorescence microscopy. (D) 
Cells were treated with different concentrations of EF-24 for 24 
h, and ROS levels were detected using flow cytometry. (E) Cells 
were treated with EF-24 (600 nM) for 24 h, and the changes in 
mitochondria were observed by transmission electron microscopy. 
(F) Western blot analysis (Left) and statistical analysis (Right) of 
GPX4 and SLC7A11 after treatment with different concentrations 
of EF-24 for 24 h. Bars represent densitometric analysis of the 
ratio of GPX4 or SLC7A11 to GAPDH expression levels. (n=3; 
*-P<0.05, **-P<0.01, and ***- P<0.001).

Fig. 4. Ferrostatin-1 (Fer-1) inhibits EF-24-inducing ferroptosis 
in MM.1S cells. Expression of MDA (A) and GSH (B) in cells 
treated with EF-24 (600 nM), and EF-24 (600 nM) in combination 
with Ferrostatin-1 (2 μM), Z-VAD-FMK (5 μM), or Wortmannin (5 
μM) for 24 h, respectively. (C) Fluorescence microscopy for Fe2+ 

content after co-treatment of cells with EF-24 (600 nM) or EF-24 
(600 nM) with Fer-1 (2 μM), respectively. (D) ROS expression was 
detected by flow cytometry after cells were co-treated with EF-
24 (600 nM) or EF-24 (600 nM) with Fer-1 (2 μM), respectively 
(n=3; *-P<0.05, **-P<0.01, and ***-P<0.001).
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MM.1S cells were constructed, and EF-24 was administered 
to treat the mice. After 15 days of treatment, the overall tumor 
inhibition rate reached 47.25% in EF-24-injected mice, with 
tumor volumes and sizes significantly reduced compared to 
control mice. The current study suggested that EF-24 could 
block tumor progression in vivo.

In addition, tumor tissue from mice and normal organ 
tissue were collected for HE staining analysis. The results 
showed that normal heart, liver, spleen, lung, and kidney tissue 
from mice treated with EF-24 retained a relatively compact 
structure and had fewer cavities compared to the control 
groups (Figure 5).  Tumor tissue from mice treated with EF-
24 was significantly damaged by EF-24 and had more cavities 
per section (Figure 5). These results clearly demonstrated the 
ability of EF-24 to suppress tumor cell proliferation in vivo.

Discussion
Although significant progress has been made over 

the past two decades in the study of the physiopathological 
mechanisms underlying myeloma,16 myeloma remains a 
hitherto incurable plasma cell malignancy. Developing more 
antimyeloma strategies or drug molecules has become an 
urgent task.

In our previous study, we confirmed the anti-
proliferative and anti-migratory activities of the curcumin 
analogue EF-24 against breast cancer cells.17,18 Even recently, 
we have discovered that EF-24 has antiviral effects on 
rhabdovirus replication.19 In fact, compared with curcumin, 
EF-24 exhibited better bioavailability and antitumor activity. 
Several studies have demonstrated that EF-24 can inhibit 
cancer development through various pathways, including 
inhibition of the NF-κB and p38 pathways and regulation of 
ROS production.20,21 However, its role in myeloma remains 
unexplored. Therefore, this study aimed to investigate the 
mechanism of EF-24 against myeloma cell proliferation.

The current study confirmed that EF-24 had the ability 
to inhibit the proliferation of human multiple myeloma cells, 
MM.1S. Transcriptomic sequencing and subsequent qRT-
PCR analysis suggested that ferroptosis-related genes were 
regulated following EF-24 treatment in MM.1S cells. As a type 
of cell death caused by lipid peroxidation, ferroptosis plays 
an important role in tumor suppression and can provide new 
ideas and methods for cancer treatment.22 When ferroptosis 
occurs, a series of physiological and biochemical changes 

occurs within the cell.23 Therefore, experiments were performed 
to verify cell ferroptosis in EF-24-treated MM.1S cells by 
fluorescence microscopy, transmission electron microscopy, 
and flow cytometry. By promoting Fe2+ and ROS accumulation, 
increasing MDA levels, suppressing GSH, and reducing 
mitochondrial cristae, EF-24 triggers ferroptosis in MM.1S 
cells. GPX4 and SLC7A11, key regulators of ferroptosis, were 
also assessed by western blot, which showed downregulation 
of their expression in EF-24-treated MM. 1S cells, further 
confirming EF-24-Induced ferroptosis in MM.1S cells. 

In fact, for multiple myeloma (MM), some potential 
antitumor molecules or extracts had been developed and 
characterized in previous reports. Zhong et al.24 found that 
fingolimod (FTY720), a novel immunosuppressant, could 
induce ferroptosis and autophagy via the PP2A/AMPK pathway 
in myeloma cell lines U266 and RPMI8266, providing a new 
perspective on the MM treatment. Recently, Li et al.25 also 
identified several molecules or compounds that can significantly 
induce ferroptosis in MM cells, including ethanol extract of 
Eclipta prostrata, andrographolide,26 and shikonin.27 Liang et 
al.28 also found that the antimalarial drug artesunate (ART) 
could inhibit nuclear localization of SREBP2, downregulate 
IPP and GPX4, and eventually trigger ferroptosis in myeloma 
cells. All these compounds could be considered as potential 
drug candidates against myeloma. Our present study on the 
mediation of ferroptosis in MM.1S by EF-24 may identify a 
new candidate molecule for antimyeloma therapy.

We should note that although some compounds that 
sensitize myeloma cells to ferroptosis have been screened 
and are appealing alternative treatment strategies for multiple 
myeloma and other malignancies, only a limited number of 
ferroptosis regulators or factors have been identified.29 Further 
research should aim to elucidate the detailed mechanism of 
interaction between ferroptosis and myeloma-targeting drugs. 
Our current study certainly opens new possibilities for myeloma 
treatment and potential clinical applications.
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Abstract
Background: The NOD-like receptor protein 3 (NLRP3) inflammasome is a cytoplasmic protein complex activated by damage-
associated molecular patterns (DAMPs) and pathogen-associated molecular patterns (PAMPs), resulting in the release of pro-
inflammatory cytokines such as IL-1β and IL-18. In this pathway, the activation of NF-κB plays a key role. Many studies have 
demonstrated the significant role of IL-1β in activating NF-κB. The aim of this study: We hypothesized that the activation of the 
nitric oxide (NO)- (sGC)-(cGMP)-PKG through the vasodilator-stimulated phosphoprotein (VASP) pathway may lead to anti-
inflammatory effects through (NFκB)-NLRP3 inhibition on endothelial cells. 
Methods and Results: This experimental research was conducted using human pulmonary artery endothelial cells (HPAEC). 
The growth and monitoring of cell cultures were done according to strict guidelines and protocols. In our study, we added TNFα 
(10 mg/mL) to activate the inflammasome. Ten minutes later, riociguat (RCG) was added at six different concentrations (50 µM, 
10 µM, 5 µM, 1 µM, 0.5 µM, and 0.1 µM) to activate the NO pathway, followed by 15 mM of ATP. Incubation is continued at 
different times (60, 90, and 120 minutes). The measurement of caspase-1 activity was performed using a luminescence assay. 
Our results have once again demonstrated the successful activation of the inflammasome by TNFα. We suggest that the highest 
concentration of RCG, 50 µM, in our study was insufficient to trigger the NO pathway; additionally, more complex molecular 
pathways may be involved, and further investigations are warranted to clarify the underlying complex mechanism.(International 
Journal of Biomedicine. 2025;15(4):752-755.)
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Introduction
The NOD-like receptor protein 3 (NLRP3) 

inflammasome is a large and complex cytoplasmic protein 
that is activated when cells are exposed to pathogens or in 
response to cellular damage. The activation of caspase-1, a 

proteolytic enzyme, leads to the release of pro-inflammatory 
cytokines such as IL-1β and IL-18, thereby playing a crucial 
role in inflammation and tissue damage  (Figure 1). Extended 
activation of the NLRP3 inflammasome may contribute to 
the development of chronic inflammatory diseases, including 
preeclampsia. 1-6 

Within this scope, extensive research has been conducted 
on the significant levels of IL-1β in the activation of nuclear 
factor-κB (NF-κB), as observed in the pathogenesis of 
essential hypertension, pulmonary hypertension, gestational 
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hypertension, and preeclampsia. These studies have 
highlighted the important role of NF-κB in the inflammatory 
response and thrombosis.7-9

Despite numerous publications suggesting that cyclic 
guanosine monophosphate (cGMP) inhibits NF-κB activation, 
the entire complex pathway, including the dynamics underlying 
this mechanism, remains incompletely understood.

The NO–(cGMP)–(PDE-5) pathway is investigated 
in nearly all physiological, inflammatory, and neoplastic 
pathways. This molecular pathway is highly complex, and 
clarifying the role of any of its components would be greatly 
appreciated. This was further explained by recent publications, 
which have linked the phosphorylation of VASP (vasodilator-
stimulated phosphoprotein) by cGMP-activated protein kinase 
G (PKG) to the NLRP3 inflammasome in hepatic cells.10 In 
this study, a connection between VASP phosphorylation status 
and NLRP3 activation, as well as the release of IL-β1 and 
IL-18, has been investigated. Since the role (cGMP) is now 
explained above, the role of its stimulants on the relaxation 
of smooth muscle cells in blood vessels is crucial (Figure 2). 
Therefore, we used riociguat (RCG), which directly stimulates 
soluble guanylyl cyclase (sGC), increasing so cGMP. This is 
particularly beneficial in cases where NO levels are decreased, 
such as in preeclampsia.11,12

Our study aimed to investigate the potential modulatory 
effects of RCG on endothelial cells through the NO pathway 

and cellular response via sGC stimulation. A possible 
molecular diagram describing the relationship between NO 
pathway activation and NLRP3 inflammasome activation was 
also reviewed to predict potential modulatory effects of new 
drugs.

Methods 
This experimental research was conducted using human 

pulmonary artery endothelial cells (HPAEC), which were 
thawed in a water bath. The special media were prepared 
with supplements, including fetal calf serum (0.02 ml/
ml), growth supplement for endothelial cells (0.004 ml/ml), 
epidermal growth factor (recombinant), fibroblast growth 
factor (recombinant), heparin, and hydrocortisone, as well as 
antibiotics (penicillin & streptomycin). Cells were seeded and 
incubated at 37°C with a carbon dioxide concentration of 5%. 
Medium changes were performed 24 hours after incubation 
and then every 2-3 days. After being confluent, about 70-90%, 
cells were detached with Trypsin/EDTA and centrifuged for 5 
min at 1500. A laminin coating was performed using laminin 
at a concentration of 1mg/mL and incubated for 2 hours. Cells 
were cultured in 96-well plate culture and 6-well plate boxes, 
incubation followed. Cell treatment is as follows: initially, 
TNFα (10 µg/mL) is added, followed after 10 minutes by the 
addition of RCG in six concentrations (50 µM; 10 µM; 5 µM; 
1 µM; 0.5 µM; 0.1 µM) and incubated for 12h at 37 °C with 
5% CO2. Then, 15 mM of ATP is added, and the incubation is 
continued for 2 hours. Caspase-1 activity measurement is done 
via Caspase-Glo® Inflammasome Assay. Statistical analysis 
was performed using an ANOVA test followed by Tukey post 
hoc tests. The probability value of P<0.05 was considered 
statistically significant.

Results and Discussion
After seeding and incubating the endothelial cells and 

treating them with ATP (15 µM), TNFα (10 µg/mL), and RCG 
at six different concentrations, we measured caspase-1 activity 
at 60, 90, and 120 minutes. These measurements reflect the 
results of NLRP3 inflammasome activation. We analyzed only 
the caspase-1 activity under the highest concentration of RCG, 
50 µM, for further analysis (Figure 3).

The Tukey post-hoc analysis (Table 1) above shows 
that administering RCG at its maximum concentration of 50 
µM, with or without TNFα, results in a significant increase 
of inflammasome activity when compared to the control. The 
anti-inflammatory properties of RCG become evident only 
when administered at very high concentrations, as previously 
demonstrated and confirmed.13 The experiment did not reveal 
any significant difference between control cells and cells 
treated with TNFα alone. The experimental results indicate 
that TNFα produces only a minor inflammatory response 
during this study. 

The data presented in Figure 3 and Table 1 show that 
a sustained increase in caspase-1 activity becomes evident 
after prolonged incubation, particularly when measured 
after 120 minutes. The continuous increase suggests that 

Fig. 1. NLRP3 inflammasome role in the pathogenesis of 
inflammation and vasoconstriction

Fig. 2. The cGMP-dependent pathway, initiated by 
nitric oxide (NO), is involved in vasodilation.



754                                        N. Kutllovci et al. / International Journal of Biomedicine 15(4) (2025) 752-755

the inflammasome remains activated. The rising pattern 
throughout the observed period could indicate that RCG 
requires an extended incubation time for complete NLRP3 
inflammasome inhibition, possibly because the activation of 
the nitric oxide (NO) signaling pathway occurs later.

In our experiment, TNFα (10 µg/mL) and ATP (15 mM) 
induced inflammasome activation, leading to the activation of 
caspase-1, as shown in Figure 3 at different time frames (60, 

90, and 120 min). According to the literature, activation of the 
NLRP3 inflammasome leads to the conversion of pro-IL-1β 
into its active form by caspase-1.14–17 Our results support the 
successful activation of the NLRP3 inflammasome by TNFα 
and ATP, as demonstrated in other publications.18-20  

The results obtained under our experimental conditions 
have shown that treatment of cells with low concentrations 
of RCG, at varying concentrations, and also considering only 
the highest concentration of 50 µM, resulted in a modest 
activation, but not a statistically significant inhibition of 
the NLRP3 inflammasome. This suggests that the potential 
modulatory effect of RCG as a possible inhibitor of NLRP3 
Activation in endothelial cells is not sufficient under these 
conditions. Higher RCG concentrations and a more extended 
incubation period are suggested. Almost similar to those in 
literature, which show that the NO-cGMP-PDE5 pathway 
should be further explained, and other related complex 
vascular mechanisms should be taken into consideration 
regarding NLRP3 inflammasome inhibition.21,22 

Conclusions
Data from the literature imply that TNFα, induced by 

DAMPs or PAMPs, contributes to the priming and activation 
of the NLRP3 inflammasome, ultimately leading to the 
conversion of pro-IL-1β into its active state via caspase-1. 

Our findings are consistent with those observations, 
adding strength to the intense pro-inflammatory activity of 
TNFα for inflammasome activation. The NO–sGC–cGMP–
PKG–VASP pathway exhibits anti-inflammatory effects and 
interferes with the inflammatory pathways, including NF-κB, 
NLRP3, IL-1β, and IL-18. 

In our experiment, however, the maximum dose of 
RCG (50 µM) appeared insufficient to stimulate this anti-
inflammatory pathway most effectively. The decreased or 
slowed phosphorylation of VASP under these conditions 
suggests that higher doses or longer incubation times may be 
necessary to suppress inflammasome activation via the NO 
signal pathway. Considering these molecular pathways are 
very complex, further assays targeting them are warranted to 
clarify the underlying complex mechanism.

Due to their vasodilatory effects, RCG can be used 
in the research of many diseases and disorders. Despite the 
numerous potential benefits, significant fetal risks and side 
effects significantly limit its use.
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Abstract
Purpose: To present successful management of moderate corneal edema following cataract surgery by using the application of eye 
platelet-rich plasma (E-PRP) in the anterior chamber in a case of pseudophakic bullous keratopathy.
Methods and Results: A 44-year-old male presented to our clinic with a year of diminution of vision in the right eye, associated 
with intermittent photophobia and colored halos around lights, primarily upon waking in the morning. The patient had cataract 
surgery ten years ago. We use AS-OCT, slit lamp, and corneal pachymetry, which reveal multiple small subepithelial micro- and 
macrobullae involving the entire cornea, diffuse stromal edema, and mild thickening of Descemet’s membrane with folds. We 
administer 0.3 mL of E-PRP into the anterior chamber under sterile conditions.
Various medical treatments involving numerous drops have been unsuccessful. A sterile 0.3 mL of E-PRP was injected into the 
anterior chamber every 2 weeks for 1 month. Clinical and anatomical improvement began from the first week, and corneal edema 
resolved at 2 months. Postoperatively, no significant side effect was noted. We followed up with Slit lamp, anterior segment 
OCT, and corneal pachymetry, which showed improvement in corneal transparency and total disappearance of fluid in the cystic 
superficial epithelium. The patient is in a follow-up procedure.
Conclusion: This study suggests that the therapeutic response to intracameral injection of E-PRP was satisfactory in moderate 
pseudophakic bullous keratopathy. In this case, intraocular E-PRP was a promising, safe, and effective treatment option for managing 
bullous keratopathy, for which conventional approaches had failed.(International Journal of Biomedicine. 2025;15(4):756-
758.)
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Introduction
Pseudophakic bullous keratopathy (PBK) is a 

postoperative complication that arises after cataract extraction 
and intraocular lens implantation, characterized by endothelial 
cell loss leading to corneal edema, epithelial bullae formation, 
and, in advanced cases, irreversible vision loss.1 The most 
common causes include intraoperative trauma, placement 
of anterior chamber or iris-supported intraocular lenses, and 
pre-existing conditions such as Fuchs endothelial dystrophy.2 
Several studies have reported that endothelial cell loss may 
persist and even progress over time, years after cataract 
surgery.4

Conventional treatment approaches include topical 
hypertonic solutions, lubricating ointments, bandage 
contact lenses, autologous serum, and, in more severe cases, 
penetrating keratoplasty or endothelial keratoplasty (e.g., 
Descemet Stripping Endothelial Keratoplasty, DSEK).4  

However, these treatments often provide only temporary 
relief or require complex surgical procedures. In this context, 
autologous blood-derived therapies such as platelet-rich 
plasma (PRP) have gained significant attention due to their 
regenerative potential and ability to promote wound healing 
on the ocular surface.5

Case Report
A 44-year-old man presented to our clinic complaining 

of foreign body sensation, pain, redness, photophobia, and 
decreased vision in his right eye for a year. The patient had 
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previously been treated with non-preservative artificial tears, 
antibiotic eye drops, and therapeutic bandage contact lenses 
to protect the cornea. Treatment in various hospitals was 
unsuccessful. 

Objective examination revealed epithelial and 
subepithelial bullae that developed and ruptured, resulting in 
severe pain as underlying nerve endings were exposed and 
severe corneal thickening (688 μm) measured by anterior 
segment OCT and pachymetry (Fig. 1). Visual acuity was 
20/100 due to corneal edema and irregular astigmatism. 

With the patient’s consent, a novel PRP solution 
was accepted as treatment. Autologous 0.3 ml of PRP was 
administered intracameral and subconjunctival to the patient in 
the operating room in sterile conditions every 2 weeks for one 
month, along with preservative-free 50% PRP eye drops.(Fig. 2, 
Fig. 3). After just 30 days, resolution of the corneal lesion was 
observed, and all topical medications were gradually reduced. 
The OCT scan and pachymetry demonstrated resolution of 
the corneal edema, with normalization in corneal morphology, 
compared to before the injections (Fig. 4). The subjective 
symptoms, including burning, grittiness, and ocular discomfort, 
noticeably reduced, and the conjunctival congestion slowly 
resolved (Fig. 5). Postoperatively, no significant side effect 
was noted except an early transient moderate (25 mm Hg) 
intraocular pressure peak. Visual acuity improved from 20/100 
to 20/50 on the Snellen chart.

Discussion
Platelet-rich plasma is an autologous, preservative-free 

preparation that contains a high concentration of platelets and 
numerous growth factors essential for tissue regeneration and 
wound repair.5,6 Compared to autologous serum (AS), PRP 
has a higher concentration of biologically active components, 
including platelet-derived growth factor (PDGF), transforming 
growth factor-beta (TGF-β1 and β2), insulin-like growth 
factor (IGF-1), vascular endothelial growth factor (VEGF), 
epidermal growth factor (EGF), and fibroblast growth factor-2 
(FGF-2).7 These molecules play critical roles in promoting 
epithelial cell proliferation, collagen synthesis, angiogenesis, 
and tissue remodeling.

Additionally, PRP contains cytokines such as PF4 and 
CD40L that contribute to immune modulation and cellular 
adhesion.8 This composition supports a favorable environment 
for epithelial regeneration and corneal surface stability, 
especially in conditions characterized by chronic or recurrent 
epithelial defects.

Kheirkhah et al.9 compared the clinical effects of 
PRP and AS in treating ocular surface diseases. They 
reported superior outcomes with PRP in terms of epithelial 
healing and symptom relief, particularly in cases of dry eye 
disease and neurotrophic keratopathy. Similarly, Alio et 
al.10 demonstrated that PRP eye drops improved healing in 
patients with persistent epithelial defects and ocular surface 
disorders, suggesting its potential as a safe and effective 
therapy. In the context of PBK, where chronic corneal 
edema and epithelial instability are common, PRP may offer 
significant advantages by providing essential growth signals 
that support re-epithelialization and tissue repair. Although 
the application of PRP specifically for PBK remains 
underexplored, the evidence from related ocular surface 
conditions strongly supports its potential efficacy. Further 
randomized controlled trials are warranted to establish 
standardized treatment protocols and assess the long-term 
safety and effectiveness of PRP in PBK management.

                 Fig. 1. Anterior segment OCT and pachymetry.

Fig. 2. Injection of PRP into the anterior chamber.

Fig. 3. Subconjunctival injection of PRP.

Fig. 4. AS-OCT and pachymetry - 1 month after surgery.

                            Fig. 5. Slit lamp biomicroscopy.
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Conclusion
Pseudophakic bullous keratopathy remains a 

challenging postoperative complication with limited long-
term therapeutic options. While conventional treatments 
provide symptomatic relief, they often fail to promote lasting 
regeneration of the corneal endothelium. Autologous PRP, 
due to its high concentration of growth factors and bioactive 
molecules, offers a promising adjunct or alternative therapy. 
Evidence from similar ocular surface diseases supports its 
regenerative potential, particularly in promoting epithelial 
healing and reducing inflammation. Although further clinical 
trials are necessary to validate its efficacy and safety in 
PBK specifically, early findings suggest that injection in the 
anterior chamber or topical PRP could become an innovative 
and biologically sound strategy in the management of corneal 
decompensation following cataract surgery. Its autologous 
origin, low risk of immune reaction, and ease of preparation 
make it a valuable option for personalized, regenerative 
ocular care.

Patient Consent
The patient has provided written informed consent. This 

report does not contain any personal information that could be 
used to identify the patient.
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Abstract
Congenital absence of one or both maxillary lateral incisors is a common dental anomaly that significantly impacts a patient’s 
facial aesthetics, oral function, and occlusal development. Given the anterior location of these teeth, their absence necessitates 
careful, individualized treatment planning. The choice between orthodontic space closure and prosthetic replacement depends 
on a range of dental, skeletal, and aesthetic factors. Therefore, an interdisciplinary approach—typically involving orthodontists, 
prosthodontists, and occasionally oral surgeons—is essential to achieve optimal functional and aesthetic results.
This article presents clinical outcomes from a case series involving patients with one or two missing maxillary lateral incisors. 
Each case was managed through customized treatment plans based on the patient’s age, occlusal relationship, space conditions, and 
aesthetic considerations. Treatment modalities included either orthodontic space closure or space opening, followed by prosthetic 
rehabilitation using supported crowns or resin-bonded prostheses. Diagnostic records, treatment duration, aesthetic results, and 
patient satisfaction were evaluated.
The management of missing maxillary lateral incisors requires a personalized approach that considers the clinical, aesthetic, 
and psychosocial aspects of each case. No universal solution exists; thus, decisions between space closure and prosthetic 
replacement should be made collaboratively through interdisciplinary planning. The presented cases highlight that individualized 
orthodontic-prosthetic strategies can yield excellent functional and aesthetic outcomes.(International Journal of Biomedicine. 
2025;15(4):759-762.)
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Introduction
Maxillary lateral incisor agenesis is one of the most 

prevalent forms of congenital tooth absence in the anterior 
maxilla, accounting for approximately 20% of all dental 
anomalies.1 Overall, dental agenesis affects around 4.2% of 
the population and represents a significant developmental 
condition in the permanent dentition.2

The absence of maxillary lateral incisors presents both 
aesthetic and functional challenges, particularly due to their 
prominent position in the smile zone. As a result, treatment 
planning must be highly individualized, considering each 
patient’s clinical characteristics, occlusal relationship, aesthetic 

expectations, and psychological profile. There is no universally 
ideal solution; thus, treatment modalities should be selected 
based on case-specific functional, periodontal, and aesthetic 
parameters, with a strong emphasis on long-term success.3

A retrospective study by Robertsson and Mohlin 
compared two primary treatment strategies for managing 
maxillary lateral incisor agenesis: orthodontic space closure 
using canine substitution and space opening followed by 
prosthetic rehabilitation. Their results indicated higher patient 
satisfaction and superior periodontal health in the group 
treated with space closure.4

Spear et al.5 emphasized that the successful management 
of anterior aesthetics should be guided by aesthetic principles 
and executed through interdisciplinary collaboration. Treatment 
should begin with a comprehensive aesthetic analysis and 
incorporate considerations of function, structure, and biological 

*Corresponding author: Dr. Arben Abazi. E-mail: arbenabazi033@
gmail.com



760                                         M. S. Abazi et al. / International Journal of Biomedicine 15(4) (2025) 759-762

health, requiring coordinated efforts among orthodontists, 
prosthodontists, periodontists, and oral surgeons.

Maxillary lateral incisor agenesis is often not an isolated 
anomaly. It frequently coexists with other dental irregularities, 
including microdontia of the lateral incisors, agenesis of 
other permanent teeth, ectopic eruption of maxillary canines, 
and distoangulation of mandibular second premolars.6 These 
associated anomalies complicate diagnosis and must be 
carefully considered during both orthodontic and prosthetic 
treatment planning.

Furthermore, as highlighted by Kavadia et al.,7 current 
evidence is insufficient to definitively endorse one treatment 
modality over another for maxillary lateral incisor agenesis. 
Therefore, a multidisciplinary diagnostic approach and 
individualized treatment-planning process are essential for 
selecting the most appropriate therapeutic strategy for each patient.

This study is a retrospective clinical case series aimed 
at evaluating treatment options for patients presenting with the 
congenital absence of one or two maxillary incisors. All patients 
were managed using a combination of orthodontic and prosthetic 
interventions. A total of four patients were included; all treated 
at the Panacea Clinic in Ferizaj. The sample consisted of two 
female patients aged 15 and 19 years, and two male patients aged 
17 and 23. Inclusion criteria were congenital absence of one or 
two maxillary incisors and availability of complete diagnostic 
documentation, including radiographs and clinical photographs. 
The study adhered to the ethical principles outlined in the 
Declaration of Helsinki. All patients provided informed consent 
for participation in this study and the use of their clinical data.

Each case was evaluated individually, and treatment 
was planned through interdisciplinary collaboration involving 
orthodontists and prosthodontists. The therapeutic approach—
either space closure with canine substitution or space opening 
for prosthetic replacement—was selected based on the specific 
clinical, aesthetic, and functional needs of each patient.

This study presents four clinical cases treated at our 
clinic, involving patients with congenital absence of one or two 
maxillary incisors. Each patient underwent a comprehensive 
clinical, radiographic, and aesthetic evaluation. The therapeutic 
approach varied from orthodontic space closure with aesthetic 
reshaping of the canines to space opening followed by 
prosthetic rehabilitation, depending on the individual needs 
of each case. Treatment was planned in close collaboration 
between the orthodontist, the prosthodontist, and maxillofacial 
surgeon. Post-treatment follow-up lasted at least six months. 

Case 1
A female patient presented with agenesis of both 

maxillary lateral incisors. After a thorough clinical evaluation, 
an interdisciplinary treatment plan was developed, combining 
orthodontics with prosthetics. Given the patient’s young age 
and ongoing skeletal growth, it was decided to open the spaces 
orthodontically and to maintain them using a removable, acrylic 
partial denture with two lateral incisors. Orthodontic therapy 
focused on creating space for prosthetic replacements and aligning 
the canines in their proper anatomical positions to ensure correct 
interdigitation with the mandibular dentition (Figures 1,2).

Case 2
A 19-year-old female patient presented with agenesis of 

the maxillary left lateral incisor. Following a comprehensive 
clinical evaluation, an interdisciplinary treatment plan 
combining orthodontic and prosthetic approaches was 
formulated. One of the primary objectives of orthodontic 
treatment was to correct a midline deviation that had shifted to 
the left. After orthodontic space opening and alignment of the 
left canine into proper occlusion, the midline was successfully 
corrected. To replace the missing lateral incisor, a multilayer 
zirconia-bonded appendix bridge was placed. The patient opted 
for this conservative prosthetic solution and declined implant 
placement. The final aesthetic and functional outcomes were 
satisfactory, and occlusal harmony was restored (Figure 3).

Case 3 
A male patient aged 17 years presented to our clinic 

seeking orthodontic treatment. Clinical and radiographic 

                     (a)                                               (b)
Fig. 1. (a) The beginning of the treatment; (b) The removable 
acrylic partial denture, replacing the missing incisors.

                     (a)                                               (b)
Fig. 2. (a) Occlusal view;  (b) Panoramic radiograph.

Fig. 3. (a) Before treatment; (b) The beginning of the orthodontic 
treatment; (c) The end of the orthodontic treatment; (d) The 
final treatment.

                     (a)                                               (b)

                     (c)                                               (d)
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evaluation revealed agenesis of the left maxillary lateral 
incisor , along with atypical crown morphology, Angle’s Class 
II malocclusion, deep bite, and a pronounced curve of Spee. 
The treatment plan involved distalization of the left canine 
to create space for the prosthetic replacement of the missing 
lateral incisor. On the right side, a multilayer zirconia crown 
was planned following orthodontic treatment. After correction 
of the malocclusion to a stable Angle’s Class I relationship, 
prosthetic rehabilitation was completed with a Maryland 
bridge on the left side, following the patient’s preference. 
As a dental technician, he opted for a conservative, adhesive 
solution. A zirconia crown was fabricated for the right side. 
Final impressions were taken to fabricate retention splints and 
maintain the achieved results (Figures 4,5). 

Case 4
A male patient aged 23 years presented for aesthetic 

concerns related to the spacing between his anterior teeth. 
Clinical and radiological evaluation confirmed the bilateral 
congenital absence of maxillary lateral incisors as the primary 
cause of the diastemas (Figures 6,7). Orthodontic treatment was 
chosen to close the spaces, as this solution was both aesthetically 
optimal and preferred by the patient. Canine substitution will 
be used to achieve a harmonious smile line, and the treatment 

outcome will meet both functional and aesthetic expectations. 
The patient is undergoing fixed therapy (Figure 8). 

Discussion
Hypodontia, excluding third molars, is the most common 

dental developmental disorder, with a reported prevalence 
ranging from 1.6% to 6.9%. The teeth most frequently missing 
are the mandibular second premolars and maxillary lateral 
incisors.7,2 The global prevalence of maxillary lateral incisor 
agenesis, according to Polder et al.,8 is 1.55%, whereas Aktan 
et al.11 found that the prevalence of lateral incisor agenesis in 

                     (a)                                               (b)
Fig. 4. (a) The beginning of the orthodontic treatment; 
(b) The final treatment.

                            Fig. 5. The panoramic radiograph.

                       Fig. 6. The panoramic radiograph.

(a)

                           (b)                                                (c)
Fig. 7. (a) The frontal view; (b) Right view; (c) Left view.

Fig. 8. (a, b) The beginning of the orthodontic treatment; 
(c, d) Closed space with power chain.
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the Turkish population is approximately 2.4%. Polder et al.,8 
in their meta-analysis on the prevalence of permanent tooth 
agenesis, found that its occurrence is significantly lower 
in North America than in Europe and Australia. The most 
frequently missing teeth are the mandibular second premolars, 
followed by the maxillary lateral incisors and the maxillary 
second premolars. Agenesis typically occurs unilaterally, 
except in the case of maxillary lateral incisors, which are more 
likely to be missing bilaterally.

According to Garib et al.,6 congenital absence of 
maxillary lateral incisors is frequently associated with other 
dental anomalies such as microdontia of lateral incisors 
(38.8%), agenesis of maxillary premolars (10.3%) and 
mandibular premolars (7.9%), as well as palatal displacement 
of canines. These associated findings significantly complicate 
the treatment-planning process and underscore the need for a 
multidisciplinary approach.

Muhamad and Abdulgani2 emphasized the importance 
of collaborative management in cases involving maxillary 
lateral incisor agenesis. They concluded that such cases 
require personalized planning and close cooperation among 
orthodontists, prosthodontists, and periodontists to achieve a 
predictable and aesthetically acceptable result for the patient, 
as in the cases we presented in this article.

Lateral incisor agenesis is primarily a genetic anomaly, 
although environmental factors may also contribute. It 
significantly affects oral aesthetics and function. As there is no 
universally applicable treatment approach, each case requires 
an individualized, multidisciplinary solution.6,10

Wright and colleagues, in their study using dental 
models, compared the tooth dimensions in patients with 
agenesis of maxillary lateral incisors to those with complete 
dentition. They concluded that patients missing one or more 
maxillary lateral incisors exhibited a generalized reduction in 
tooth size—not only in the maxilla but also in the mandible—
thereby supporting a broader genetic influence on dental 
development.9

Conclusion
The management of one or two missing maxillary 

incisors requires a comprehensive and patient-specific 
approach. Treatment planning should be guided by a thorough 
evaluation of clinical, occlusal, aesthetic, and psychological 
factors unique to each individual.

Given the variability in presentation and patient 
expectations, there is no universally optimal treatment 
modality. Therefore, the decision between orthodontic 
space closure and prosthetic rehabilitation must be made 
collaboratively through interdisciplinary consultation among 
orthodontists, prosthodontists, and other relevant specialists.

The clinical cases presented in this series illustrate that 
personalized, combined orthodontic-prosthetic treatment 
strategies can lead to highly favorable aesthetic and functional 
outcomes. These findings underscore the importance of 
individualized care protocols and reinforce the value of 
multidisciplinary teamwork in addressing anterior dental 
agenesis.
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Abstract
Typically, the maxillary canine possesses a single root and a single root canal. However, anatomical variations have been 
documented in several in vitro and in vivo studies. The presence of two roots and two canals in maxillary canines is rare, and the 
occurrence of three canals within one root is even more exceptional. Dentists must have comprehensive knowledge of root canal 
morphology and its potential variations to ensure successful treatment outcomes. This report presents a rare case of a maxillary 
canine with one root and three canals. Accurate diagnosis of such uncommon anatomical variations is crucial for the success of 
endodontic therapy.(International Journal of Biomedicine. 2025;15(4):763-766.)
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Introduction
Understanding the root canal morphology of teeth is 

vital for achieving successful endodontic treatment. One of 
the primary reasons for root canal treatment failure is the 
inability to detect and properly manage additional canals.1,2

Vertucci classified human permanent tooth canal 
systems into several configurations, ranging from one to three 
distinct canals.3 While the maxillary canine typically has one 
root and one canal,4 anatomical variations, such as additional 
roots or canals, have also been reported.

Several cases in the literature have documented maxillary 
canines with two canals.5,1,6 Asiry7 reported the presence of 
two distinct roots (mesial and distal) in a permanent maxillary 
canine, emphasizing bilateral differences.

Furthermore, Uchiyama et al.8 studied 250 extracted 
maxillary canines in vitro, revealing accessory canals in 40% 
of the specimens, many of which were difficult to access and 
treat. Reports describing three-canal maxillary canines remain 

extremely rare. Vertucci’s Type III configurations3 in maxillary 
canines are scarcely documented. 

The etiology behind such anatomical anomalies is not 
well understood. Hypotheses include differential development 
of Hertwig’s epithelial root sheath trauma,9 disturbances in 
morpho-differentiation,10 genetic factors,11 or defects in the 
dental lamina during root formation.12

In the past, various methodologies used to study canal 
anatomy were histopathological studies,13 intraoral periapical 
radiographs, cleaning and demineralizing method,14 and 
surgical operating microscopy.15

Various methodologies have been employed to 
study canal morphology, including histological analysis,13 

radiographic imaging, canal staining and clearing, and cone-
beam computed tomography (CBCT). CBCT offers non-
invasive, three-dimensional imaging and is now considered a 
valuable tool for detecting rare root canal variations.16,17

There were limited studies in the literature evaluating 
the root and canal morphology of canine teeth in different 
populations using CBCT.3,18,19

The objective of this case report is to present and analyze 
a rare anatomical variation of a maxillary canine with one root 
and three distinct canals using CBCT imaging.

*Corresponding author: Prof. Nexhmije Ajeti, E-mail: 
nexhmije.ajeti@ubt-uni.net
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Materials and Methods
A 46-year-old male patient presented with spontaneous, 

sharp pain in the region of the upper jaw at the Department 
of Endodontics, University Dental Clinical Center of 
Kosovo. Clinical examination revealed a deep carious lesion. 
According to the patient’s history, the pain began a week prior, 
with episodes lasting 20–30 minutes, followed by one-hour 
intervals. Cold stimuli exacerbated pain. The tooth was not 
sensitive to percussion, and vitality testing was positive.

Radiographic examination included a periapical 
radiograph (Sirona Siemens, Germany) and 3D CBCT 
imaging (Orthophos SL, Dentsply, Sirona, Germany). No 
anatomical abnormalities of the pulp chamber were detected 
in the conventional radiograph (Figure 1).

Local anesthesia was administered using Articaine HCl 
4% with Epinephrine 1:100,000 (Septocain, Septodont, France). 
Rubber dam isolation was applied, and the access cavity was 
prepared. Upon entering the pulp chamber, three distinct canal 
orifices were observed: one palatal and two buccal (mesiobuccal 
and distobuccal), confirmed radiographically using 3D CBCT. 
After the instrumentation of the tooth root canals, a 3D 
radiographic scan (cone beam computed tomography, CBCT) 
was performed to assess the condition of the canals more 
accurately. The 3D radiographic scan revealed three entrances 
to root canals within the pulp chamber. (Figures 2,3,4)

After 3 D radiographic scan, working lengths were 
determined with an apex locator (DentaPort, Morita, Japan): 
19.24 mm for the palatal canal, 17.97 mm for the disto buccal 
canal, and 15 mm for the mesiobuccal canal. The canals were 
instrumented with a rotary system (Endo Smart Cordless Endo 
Motor, Germany). Irrigation was performed with 2.5% sodium 
hypochlorite (Chlorax, Cerkamed, Poland) to remove organic 
tissue, followed by 17% EDTA (I EDTA, Lithuania) for one 
minute to eliminate inorganic components. Final irrigation was 
done with 0.9% saline solution (NaCl, B. Braun, Germany).

After drying with absorbent paper points (Korea), a trial 
obturation was performed using gutta-percha cones to confirm 
the presence of the canal (Figure 5).

Then, the canals were obturated using a bio-ceramic 
sealer (One-Fil, Korea), confirmed with a final radiograph 
(Figure 6).

The patient, residing abroad, was monitored remotely 
at 1, 3, and 12 months post-treatment. No symptoms or 
complications were reported during the follow-up period.

Fig. 1. Retro-alveolar radiograph  with only one root canal.

Fig. 2. Localization of the root canal orifices of the maxillary canine.

Fig. 3. The canine in the axial projection.

Fig. 4. The canine in the tangential projection.

Fig. 5. Test radiograph with gutta-percha.

Fig. 6. Root canal obturation.
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Discussion
Maxillary canines typically present with one root and 

one canal, making this case of a single-rooted tooth with three 
canals a rare anatomical variant. 

During the discussion of this presentation, there is one 
aspect to consider: the presence of unusual morphology in the 
maxillary canine with one root and three canals.

Our presentation aligns with the clinical research of 
Supritha et al., who also reported the presence of a permanent 
maxillary canine with one root and three canals (buccal, 
mesiobuccal, and palatal).20

Such configurations are difficult to detect in conventional 
radiographs due to two-dimensional limitations.21 Multi-
angled radiographic views and advanced imaging, such as 
CBCT, are vital tools for accurately diagnosing such complex 
cases.22

Only a few cases have been described in the literature 
regarding the maxillary canine with three canals based on 
Vertucci classification.23

Kandasamy et al. also reported a maxillary canine with 
three roots and three canals, considered the first of its kind.24 

Galhotra et al.25 and Bolla & Kavuri26 reported multirooted 
variations in maxillary canines, while Wolf et al. estimated 
that three canals in maxillary canines occur in just 0.1–0.2% 
of cases.27

Studies by Martins et al.28 and Masyakhy29 suggested 
that 1.4% of maxillary canines may contain two canals, 
emphasizing the rarity of three canal occurrences. Further 
highlighted were accessory canals found in 40% of maxillary 
canines in vitro, many of which were inaccessible for proper 
cleaning and shaping.8

These anatomical deviations may arise from multiple 
factors, including abnormal root sheath development,9  

trauma,10 genetic predisposition,30 and disturbances during 
root formation.12

Given these complexities, CBCT is essential when 
conventional imaging is inconclusive. It provides accurate, 
three-dimensional insight into canal configurations, helping to 
ensure complete cleaning and obturation.16,17

Conclusion
Anatomical variations in the maxillary permanent 

canine, including the presence of one root and three canals, are 
extremely rare but clinically significant. Precise identification 
of such anomalies is critical for effective endodontic treatment. 
While conventional radiographs remain useful, cone-beam 
computed tomography should be employed in cases where 
anatomical complexity is suspected or when standard imaging 
proves inadequate. Accurate diagnosis and management of 
these unusual cases can significantly enhance the success of 
root canal therapy.
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